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INTRODUCTION. 


IxTo tlie subject of the following Painphlt't, in so far 
as it is of a personal nature, it is nniu'ct'ssary for me 
to (Miter. Ac(piainte(;l for many years with both Clie- 
mists, I can only la'gret that human fethmgs should be 
allowed to interfere so imudi with tlie progress of the 
.science to wliich we an* all attached, — and that the 
temiitation to publish, which the (aliting of a journal 
affords, sliould have so oftmi induc('d Idebig to commit 
to the jirinter ex]>ressions oi’ a warm, hasty, and angry 
nature, Avhich, upon calm after-consideration. In? must 
liavo frequently wished to retract. 

Of the facets contained in the .subjoined pages, the 
reader will judge for himself. In so far as my own 
knowledge of the subject goes, I confess I both sym- 
pathize with the feelings of Mulder, and agree in Ills 
conclusions. Were it not so, I should have thought 
it unnecessary to take an interest in presenting hfe 
Reply to the public. 

Two years ago I induced my assistant, Mr FronK 
berg, to undertake the translation of Mulder's work 
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on Vegetable and Animal Physiology — a work not yet 
completed in the original Dutch, In doing so I satis- 
fied myself that I was rendering a service to British 
Science. 

In the course of the present year, however, Liebig 
has denied the accuracy of some of the most important 
statements in that work — those regarding the protein 
compounds. I feel bound, therefore, to place in the 
hands of the English readers of his work the defence 
which Mulder has published of his owni statements. 
That del’ence is sucli as, /h thejn'esent state of our hnoiv- 
ledtje, fully to u])hold his^former experimental residts 
and theoretical deductions, in opposition to the objec- 
tions of Idtibig, — and to claim for his opinions a conti- 
nuation of that confidence which has already been so 
extensively ])laced in them throughout Europe and 
America, 

•The main point assailed by Liebig will be under- 
stood by the following statement : — 

Mulder, many years ago, examined the fibrin of 
blood, the albumen oi' white of the egg, and the gluten 
of Avheat. When these substances are dissolved in 
caustic potash, with the reipiisite precautions, and the 
solution is then made slightly acid by the additioTi of 
vinegar, a white precipitate falls, which Midder col- 
lected and carefully analysed. To this substance, for 
certain theoretical reasons, he gave the name of pro- 
tein. It was free from sul|)hur and phosphorus, — both 
of which are contained in the albumen of the egg and 
the fibrin of the blood. It consisted of carbon, hydro- 
gen, nitrogen, and oxygen only, and was represented 
by him by the formula 

C‘“ H” N* 01* 



INTRODUCTION. 


By degrees, as his researches nmltiplied, and were en- 
larged and confirmed by others, his own views eittend- 
ed, and he arrived at the following general conclu- 
sions : — 

That this protein formed the basis of a large 
group of animal substances — the albuminous group — 
eemprising fibrin, albumen, casein, the crystalline lens 
of the eye, hair, horn, &c. 

2r/o, That in these substances the protein Avas com- 
bined with oxygen, sulpliur, or phospliorus, or with 
two of tliese l)(>dies, or with all the thrc'C, — and that 
tlie proportions of these several clenumts determined 
tlie special qualities of each compound of tlie albumin- 
ous groii]). 

That the sap and leaves, l)nt especially the seeds, 
of plants, contained protein in coml)ination with sul- 
phur and ])liospliorus, as it is found in tlie animal body, 
— and that the gluten of wheat, the legnmiu of the 
bean, and the nitrogenous substances geiierally, which 
are found in the seeds of jilants, wen‘ compounds of 
tliis kiin:L Lastly, he ventured to announce in a brief 
manner, 

4/o, That these substanc(\s were formed l)y the plant 
out of the food drawn by its several parts from th(^ air 
and from the soil, — that it jiroduced them for the ])Ui- 
])Ose of diminishing the digesti ve labour, so to speak, of 
the animal — of sujiplying it with food fitttMl directly to 
form and nourish its muscular and albuminous parts — 
and that the animal derived its whole supply of the 
raw material out of wliich theses ])arts were to lx* built 
up, from the vegetable food on wdiicli it lived. 

This beautiful train of research and reasoning natu- 
rally attracted the attention of scientifn; |)hysiulogisls, 
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and gave to protein an importance in the history of 
Organic Chemistry to which scarcely any other known 
body can lay claim. 

It is a remarkable fact, that up to January last, the 
researches of all other chemists only tended to confirm 
Mulder’s experimental results, and to strengthen and 
widen his deductions. The laboratories of Paris, of 
Giessen, and of Stockholm, had been employed upon 
them at intervals for several years, and yet the exist- 
ence and characters of protein, as described by Mul- 
der, were only everywhere confirmed. 

But in January last, Liebig announced, in iiisylwia- 
len, that he could no longer obtain protein ])ossessing 
the composition and properties assigned to it by Mul- 
der. He intimated his belief that the so-called protein 
alw.ays contained sulphur, — that without sul])hur it 
could not exist, — and that, when ])erfcctly freed from 
sulphur by the action of caustic alkalies, it ceased to 
possess the characters or comjiosition of Mulder’s |)ro- 
tein. He threw doubts, in like manner, upon the ex- 
istence of the so-called oxides of protein, and inVfted 
Mvdder to explain away the dilliculties which he now 
professed to meet with. 

Subsecpient to this, ni the May mimber of the An- 
nalen, a paper appeared by Dr Ijaskowski, one of 
Liebig’s puj*ils, detailing the exj»eriments to which 
Liebig had j)reviously alluded, and drawing similar 
conclusions. Two other short memoirs in the same 
journal, and by pupils of the Giessen School, shewed 
that tlie quantity of sulphur previously assigned to al- 
bumen and fibrin by Mtdder was too low ; a fact which 
the newer re.searches of Mulder himself has esta- 
bUslwsd, but which does not at all affect the exist- 
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euee of protein, or the value of the i?o-callod protein 
theory. 

This statement will enable the reader to understand 
both tlie object of the following pamphlet, why it was 
necessary to write it, and why I think it of importance 
that the readers of the Chemhtnj of Ve^u'ttMe and Aui-^ 
trial Physlolofpj should have an o})portunity of perusing 
it. The basis of a most important theory is attacked, 
— the numerous and beautiful deductions drawn from 
it are attcmi)ted to be shaken, — and the scientific re- 
putation of a skilful analyst is called in fjuestion. If 
is for tlie interest of science, therefore, that the truth 
sliould be ascertained and made wiihdy known. 

Of the personal matters between Litdjig and Mul- 
der, the reader will form his own opinion. Individual 
feelings and cliaracter may be affected by the nature* 
and form of the present attack and defence ; V)Ut truth 
will gain l)y the new researches to which the dispute 
has already given rise. Is it ne(‘essary, how(*ver, that 
the birth of truth should thus be attended by indi- 
vidfkl pain, as in the throes of human labour ? 

JAMES F. W. JOHNSTON. 


KniNBUUCilI, 3UjA October 1810. 




LIEBIG’S QUESTION TO MULDER 


TKSTKD HY 


MORALITY AND SCIENCE. 


The January Number of the Annalen der Chemie 
und Pharmacie, 1846,” pages 132 and 133, eontains a 
short paper by M. Liebig, in which ho states ‘‘ that 
when fibrin, albumen, or casein, is dissolved in a mo- 
derately strong potash ley, and the liquid neutralised 
by acetic acid, the precipitate j)roduced is not protein 
free^rom sulphur,” as I believe ; — that hitherto he has 
not been able to obtain the substance which I have 
called protein^ with either the compositioTi, or the pro- 
perties which I have ascribed to it,” — and in which he 
expresses a wish that it inhjht pleme me to meutimt 
with evey'y possible detail^ in rvhat way I have ohtaimd 
th at substance. ” 

* Although, on the one hand, a request of this nature, 
in words so mild and agreeable, seems to do me much 
honour, being made by a man who has rendered so 
many services to science, — yet, on the other, it ap- 
peared somewhat strange to me, and difficult to be 
complied with. 

A 
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This difficulty was not inherent in the subject itself, 
but arose from circumstances unconnected with it. 

It arose chiefly from this, that M. Liebig is morbidly 
irritable, always seeking to quarrel, and with every 
body, and disputing in a way which is disapproved of by 
every civilized man. I am not afraid of being assailed 
by him ; on the contrary, I should deem this to be an 
honour, because I should be attacked in company with 
the most eminent men of science. I fear neither abuse 
nor nicknames, which are the %eapons with w'hich M. 
Liebig always fights, for these only injure him who 
uses them. I have no fear — as is tlie case with many, 
who, for this reason, dare not speak, — of l)eing injured 
by him in my social f)osition, an object which is always 
aimed at by Liebig in his so-called scientific contests. 
I am not afraid of Liebig; I am only afraid of my own 
conscientiousness. 

The only fear I have, in short, is, lest, in my reply 
to him, I might use a word which 1 should not alW'ays be 
able to defend, as most fit for my purpose; for this man, 
whom 1 most highly respect for his chemical know- 
ledge, is, at the same time, an olyect of my deepest 
compassion. I am not ]>ersonally acquainted with 
him ; all I know of him is from his writings and his 
letters, and this knowledge couq)els me to pity him. 
But, at the same time, 1 disapprove in him w'hat I w’ould 
disapprove in myself and in every other man. All our 
actions have but one touchstone, — that of morality. 
No deviation from this can be tolerated under any pre"- 
text. That which possesses moral value, receives re- 
spect. That which ought to possess this value, but is 
void of it, obtains contempt. This touchstone I am 
.bound to employ in science. 

It is, in my opinion, the duty of cotemporaries to 
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support one another in what is good, both within and 
beyond the domain of science ; it makes no difference 
whether this good is called science or by some other 
name. I think it is an indication of a morbid con- 
dition of mind in a man suppose himself called upon 
to judge every one from high ground, and to do this 
by j^reference in an unfavourable sense. Strong 
against evil, — but at the same time strong in favour of 
what is good, — ought to be the watchword of every 
civilized man, and espeigally of the man of science ; 
for if the latter is not to be reckoned among civilized 
men, then away with science. 

I am furtlier of o))inion, that he who is still a child in 
regard to^what is decent and due to others, has no claim 
to be called a, great man, nor (‘von a man of science. 
This decency nobody will confound with cowardice or 
want of princi])le. We ought also to distinguish when 
force is pro|)er to be tised, and how it should be a})- 
plied. Brutality is not decency. When a man of 
science considers himself called upon to stand always 
at the wdiipping-post — always, and l>y every violent 
means to deal out blows, and thus to brand other men, 
his fellow-creatures, — such a man degrades himself in 
the highest degree. Every timt* that he is unjust, he 
is a forsaker of Umth. He has no scientific sense — a 
sense which i.s known by its feeling ater tmth ; and 
■injustice agrees not with tmth. To b(* always striking 
and branding others is not to be just. It indicates a 
state of disease — disease which brings down the great to 
the little, the sublime to the base. C'otemporaries pity 
it much, and the judgment pronounce<l upon such ac- 
tions by posterity, expresses contempt. Paracelsus 
may have felt happy, in ascribing to his owm cap more 
learning than was possessed by all the learned societies 
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of Europe ; but his happiness was a soap-bubble. It 
was a misfortune, both despised and pitied by those who 
have learned to understand the sentence of Erasmus : 
“ Ingenuas didicisse fideliter artes, emollit mores nec 
sinit esse feros.” 

Liebig’s restlessness in destroying his own happiness, 
could not fail to afflict every one who is able to appre- 
ciate his talents, although he might not see in him a man 
having a right to command — as Liebig does in himself ; 
nor the man who almie poss^ses knowledge, intellect, 
and a sense of truth. This restlessness lias for years 
been to me a cause of intense grief. T have requested, 
nay implored him, to cease beating down every thing 
about him. To me he had only given, as yet, one nick- 
name, — that of iati'd-chetuht , — and this coulel not cer- 
tainly cause me much pain ; but I have iinjilored him 
no longer to maltreat meritorious men, and have ad- 
vised him, with heartfelt interest in his own life, to dis- 
continue such intolerable conduct. 

On the 12th of December 1844, 1 wrote him a letter, 
of which the following is a literal translation : — 

“ I am deeply grieved that I was not honoured with 
an answer to my request to reconcile you with . . 

. . . . Convinced as I am, that my only intention 

in this matter was to do good, my only iclea to pro- 
mote decency* and probity, to join in the defence of 
your reputation, I persist in imploring you to blot out 
the stain which is so very much condemned by every 
impartial person. There is a class of people who never 
tell us the truth, but only that which is pleasant to us, 
whilst behind our back they speak quite differently. 
But I like just the contrary. A thousand times I have 
spoken in your defence, but I never flattered you. 
Listen to me, when I tell you, that though there* is a 
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scientific glory, there is also another, of a much higher 
order, and much more worthy the man of mental culti- 
vation, viz., the glory of having done what is right. 
After you have attacked almost the w'hole scientific 
world, you now coninienee attacking the men of great- 
est genius. Where are you to stop ? And when you 
shall have awakened the enmity of (perhorresrirt) 
every one around you, what will you have then accom- 
plished ? 

“I assure you, T seck-onlj’’ your happiness, your 
peace of mind, your glory. I could shew you seve- 
ral letters from so-called friends of yours, which are 
full of words of condemnation. They are afraid to 
write to you what they* write to riif — what they my 
of you. But, even although none* were disap|)rf»ving 
of your actions, lay your liand u|)on your heart and 
ask yourself, ‘ Have I done right in always using so 
harshly every one who does not adhere to my ideas, 
and who does not i’ollow my method of treating 
science?’ Your heart will .•fhswor, ‘ Surely not !’ 

“ Believe me once more. \ our life is full of troubles 
— your old ago will be full of vexations — and your 
deatli-])ed full of remorse. 

“ These are, without reserve, the opinions of a man 
who never shewed you any other than marks of re- 
spect, w'ho will never write against you unless you force 
him to do so ; — of a man who is personally unknown 
to you, but who seeks in man first for probity, and for 
science only in the second place. The development 
of our moral powers is the purpcjse of our life. Both 
you and I — after Chemistry shall J»ave ceased to exist 
for us — both you and I are bound to strive, that we 
may then dare to remember wdiat we have done in this 
world. 
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“ Honest Mr .... does not subscribe to all 
your ideas; he has both written so to you and has pub- 
lished his views in print. But in this he nevertheless 
remains a man of character and of good faith. I, 
myself, am far from agreeing with everything you have 
written : Am I therefore, also, not to be exempt from 
your personal attacks ? If this is your pleasure — then 
be it so ! But I shall nevertheless remain what I was 
in my own estimation, and in that of the whole world. 
And, even although there may be nobody who shall 
then dare to defend me or to take my part, I shall 
nevertheless remain alone with a good conscience — sa- 
tisfied, happy, and calm,' even without the aid of Che- 
mistry ; for these things are tbove all -science. 

“ But two words more before T conclude. Perhaps 
this is the last time in my life that I write to you ; for 
I am not a coward. If this is the case, then may you 
live in happiness, enjoy whatever is good and desir- 
able in life, and if you should now and then remember 
the iatro-chemist, believe me that nothing from with- 
out can trouble him.” 

Thus I wrote to liiebigon thc l2tli December 1844. 
Was I his friend, or what else than friendly could 
have been my intentions ? 

But all in vain. Since that date he has attacked 
many other chemists, and in a manner which excites 
the highest indignation. Storming and raging, his pen 
flies over the paper, mad with fury against every one 
who dares to make a single remark upon his opinions. 

Freedom of scientific opinion has never been under- 
stood by Liebig. For years past a tribunal has been 
established in Giessen, before which Liebig is at the 
same time accuser, witness, public prosecutor, advo- 
cate, and judge. Before this tribunal a case is rapidly 
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terminated, but grace or justice can never, never, be 
obtained there. From this tribunal even the purest 
innocence is never dismissed without being whipped 
and branded ; and for this purpose again Liebig holds 
also the office of executioner, and is never fatigued with 
whipping and branding. I'riUh ! he exclaims, and goes 
on whipping; Truth! and down comes the rod; Truth! 
lie repeats once more, while he is heating his branding- 
iron red-hot ; Truth ! finally, and he pres.ses it on the 
forehead of the chemists of the day, and rejoices in 
the ascending vapour. If, iierchauce, this whipping 
and branding is discontinued for some days or weeks, 
then he talks of forbearance (Annalen, Januaiy 
He is, in his own estimation, a hero in the eniiiirc of 
morality, because he has deigned for some days or 
weeks to leave the rod at rest. 

An unhappy spirit — truly ! Science cannot exist 
without liberty. No other tribunal ought to be admitted 
but that of justice, and this ought never to prmonnee 
jwlgmeut. An exchange, a , mutual exchange, of ideas, 
— urged with warmth, if you Avill, but at the same 
time under the control of moral jn inciple ; this is 
what ought to take place before such a tribunal. He 
who gives judgment in science, has no sound concep- 
tion of what science is. His aim is not science, but 
himself. To pronounce judgment, witliout a right to 
do so, is presumption — as remote from love of truth 
as justice is from injustice. 

But does not greater capacity impart a right to give 
judgments in science ? Ijiebig thinks it does. He con- 
siders himself to possess the greatest capacity that ever 
existed, and he therefore has rights possessed by nobody 
else. 

Can there exist any greater error ? As we proceed 
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in its development, we perceive more and more how im- 
limited is the dominion of knowledge, and how limited 
our faculties are j how great the depth of truth, and 
how great the difficulties which attend the attainment 
of it. The judgment of young men is generally bold, 
and little indulgent ; but it calms down in course of 
time, and in proportion as they compare themselves 
with what they wish and ought to be. 

But Liebig has taken quite an opposite course. 
Almost every one who moves on the same scientific 
ground with himself, has been attacked by him with a 
fury, such as was never exhibited in science. He 
leaves no one at rest; and pronounces judgment upon 
men and things in a-manner wJiich grows bolder, more 
severe, and more afflicting, as his circle of knowledge 
expands. 

I shall quote here a few out of the hundreds, nay 
thousands of instances, in confirmation of the above 
statement. 

In the Annalen for January 1846, p. 105, he calls 
Laurent “ one of the most talented chemists of our 
time, ancf the most rich in genius and yet, on the 
same page, he represents him as “ a stage-hero, who 
covers himself with gilded paper, made out of the un- 
dervalued labours of others;” while in p. 112, Laurent 
and GerhardJ, are said to be “ two conceited self- 
complacent cocks strutting about on the top of a dung- 
hill.” 

It is true that some individual is now and then highly 
praised, but only with a view to the rule : ToUirntur in 
altum, id Uipsa gntimre ruant. Laurent first was per- 
secuted for a succession of years, then he w’as allowed 
to teach at Giessen, and now he is a cock on a dung- 
hill. Gerhardt was first praised for his excellent trans- 
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lation of the Ghimie Orgavique (see the preface to that 
translation); now he is accused of liaving mutilated 
that book (Annalen, January 1840, pages IOC, 107). 
Formerly, Mitscherlich’s language was scorned as old 
wife's bablding (Ann., 1841, p. 358); now he is quoted 
as an authority against Gerhardt (Ann., January 1840, 
p. 118), and is again “ Herr. Professor IMitscherlich.” 
And the man who, with all the wicked jiurpose of 
wounded sell-love, could sneer at one whom he formerly 
called the most erpevieueed ehemlst of our time, and ji/ro- 
bafdg of all post times — this sjune man now (hires to 
write (Ann., January 1840, p. 117), “that words fail 
him to express his indignation against ( lerhardt’s hi'ha- 
viour towards llcrzelius,” — a behaviour which certainly 
deserves to be mot .with the same indignation as that 
of Liebig towards Berzelius ^^Ann., May 1840, and 
Comptes Rendus Couiph'ts. I'elu*. 1845). This man 
(Liebig I mean) ought first to feel indignation against 
his own actions before he exjircsscs it so warmly 
against those of others. 

Four years ago, I myself was held up as an example 
to Dumas (.\nn., Bd. 38, s. 202.); li\ e years ago, very 
thing I did was right, and all I had done had been 
conlirnied in his own laboratory (TjCtter of June 1841 ) ; 
“ but now 1 have contradicted him on almost every 
page (!) of the latter jiarts of my work on Physiological 
Chemistry* — I hurry towards an a)>yss, and most of 
my results are false. Now my hunt after numbers has 
mutilated tlie science, and through me jiliysiological 

* My last parts are Xos. 5, 6, and 7 in the English Tr.). There 
occur in these parts ten pages in about 400 iu which I have differed 
from Liebig-^-onseiiuently one-fortieth of what Liebig has found. My 
opinion about dealers in artificial manures he could not have read, as it 
had not yet appeared in tlie German translation. 
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chemistry has become unworthy of confidence.” (Letr- 
ter from Liebig, 29th March 1846.) 

In this manner Liebig has got into quarrels with 
every one ; and a legion of pamphlets has appeared 
against him, in reply to his unwarranted attacks, which 
are always made under the mask of truth. Men, such 
as Mohl, who never before used the pen for any other 
purpose than for the quiet advancement of science, 
were forced to shake off the odium that was thrown 
upon them and their labours; and though numbers 
have called out to him, in their deep conviction of 'his 
errors, “Cease your injustice” — he still goes on like a 
madman, seizing one after another, and always un- 
der the detestable war-cry of love for truth. 

Is such a man not to be sincerely and deeply pitied ? 
For, who can have greater claims upon our compassion, 
than one who, during his whole life, has been hunting 
restlessly after an object from which he is continually 
farther removed ? And is any other object allowed 
in science than the promotion of true civilization, of 
true humanity? If science is made an instrument 
for diffusing over tlie world fury and anger, then it 
becomes, in my estimation, a ba.se tool, and is deprived 
of the noble characters by which it ought to be distin- 
guished. It's object is truth ; and all that belongs to 
the domain of truth, lies between those of intellect 
and morality. There can be no morality without 
truth, no science without truth ; but, at the same 
time, no science, no pure science of the nobler and 
higher order, without morality. 

The man of science, therefore, whilst advancing in 
knowledge, ought at the same rate to advance in the 
path of virtue and truth. His aim is the promo- 
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tion of true civilization, true morality, both in him- 
self and in others. Wliilst striving for truth, in what- 
ever direction it may be, the image of truth appears 
to him in general more and more lovely. He de- 
fends it with all his power, but at the same time with 
the greatest conscientiousness. Thoroughly penetrated 
by the love of truth, searching for truth, and for truth 
alone, he connects with it a higher moral principle ; 
so that whilst at first science was his only object, it 
gradually becomes to hin> — the more lie |)enctrates 
into the purpose of human life — a means for higher 
development. He perceives the images of science and 
of virtue drawing nearer together, and he loves both 
with equal warmth. Not a means of making a vain show, 
or of obtaining fame, is science for him, Imt a means of 
advancing in moral worth. This apjx'ars in his whole 
behaviour: he is called a civilized man, and justly so, 
for he has really increased in worth. He elevates him- 
self above the littleness of the world ; calamities he bears 
with courage. And when his task on earth is finished, 
then — although he has scarcely entered upon the im- 
measurable domain of truth, into which he cannot pene- 
trate 4eeper in his present abode — he leaves this stage 
with confidence, to build, in a future order of things, 
upon the foundation he has laid here. .Mankind con- 
stantly blesses his memory, for, in his Investigations, 
he has left a precious treasure to posterity. 

This is the character of the man who possesses real 
wisdom, — of the truly scientific man. Is his charac- 
ter different? — then he is not a man of pure, of real 
science. 

Three reasons move me now to call upon Liebig 
in public, as I have before done in private letters, — 
“ Put a stop to your injustice ; do not lose sight of the 
purpose of your life ; do not abuse science for a lotv end ; 
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above all, be just, for justice towards men is the foimidur^ 
tion of truth 

‘ In the first place, I am indignant at his unwarranted 
treatment of his cotemporaries. I deem it my duty 
openly to pronounce my indignation, since Liebig still 
continues in the same course, after my sincere and 
well-meant letters to him, — which I wrote merely to 
promote the general good, and for no reason affecting 
myself personally. He must be stopped in his course. 
The man experienced in science must, through science, 
promote the good and not the evil. I would force him 
to do so by moral constraint. This is my first reason. 

The second is: that Liebig allows to chemists no 
other alternative, but either to look indifierently upon 
the grossest injustice, and the greatest misrepresen- 
tation of truth, or to have their characters as men of 
re])utation, in science, destroyed l)y him. All this he 
calls tnith. Prol)al)ly th(‘ word truth was never written 
by any man so often as hy Liebig ; and yet, in my opi- 
nion, few men know as little about what is true as 
Liebig does. 

No eliemist of the present time can offer better 
proofs of this statement in his own person, than I can ; 
and I therefore feel bound to make tliese }^roofs known. 

Not for the purpose of maintaining iny own reputa- 
tion as a chemist; for the opinion which the public may 
entertain in regard to my knowledge, does not give me 
so much concern. It would be a small matter to me, 
during the few years I may yet have to live here, to be 
considered, in the eyes of every one, *as having no 
knowledge of chemistry, as being a bad experimenter, 
and as having erred in every thing I have performed 
in science. I say, I am above the opinion of the mul- 
titude in regard to the amount of my scientific know- 
ledge ; and, consequently, I do not intend to enter into 
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a pleading with the man of Giessen before the tribunal 
of the public. On the contrary, every time I see this 
done between him and others, it serves me as a proof 
that Liebig mistakes the purpose of his own life. 

But all that has happened between Liebig and my- 
self for some years ])ast, convinces me that his object 
is not truth, but himself, and that he uses tlie word 
truth merely as a shield, behind whicli he may light with 
siifety. Now, this is not only an ignoble way of acting, 
but it is injurious, in the liighest degree, to the young 
chemists of the present century. I am called to join 
in the nuaintonaiice of the pure conce[)tion of the ob- 
ject of science during the time in wliich I live — to 
preserve it from pidlution ; — and therefore I ieel obliged 
to bring under the notice of others some of tlie things 
which, as a man of science, I have ex|>erienced from 
Idebig. Esj)ecially I wish to bring them under the 
notice of Liebig himself, that I may com])el him, l)y 
moral constraint, since I could not bring liiin back 
from his evil ways by friendly recjuests. Liel>ig must 
cease to be a stirrer up oi' strife, and must (dthcr be- 
come an heftiest chemist, or lay down his pmi. 

But besides tliese two reasons, there i?ia third one, 
which concerns myself as a man. Kvery one has a 
right, nay is obliged to keep his name, as a n/uM, un- 
stained. Liebig respects 'uohof/f/\s name,* moral cha- 
racter, social position, life, or liealtln Wlien I began 
to rise in public estimation, I also l)ecame an olistacle 
to Liebig, — I became an obstacle in the earning of the 
whole of the glory that can be obtained in the prosecu- 
tion of chemistry — which is to lie reserved entindy for 
Liebig, and for such as Liebig thinks fit to sliare it 
with. 

When my work on Physiological Chemistry was about 
to 1)6 published in Germany, without my interference, 
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I said to my friends, “ Liebig will not bear this. The 
publication of this work will bring me also into the 
class of those who are to be destroyed by him.” I had 
sfeen this to be the case with so many others, whose 
position as chemists is not an obscure one, and who do 
not keep off the ground upon which Liebig moves. 
Now, I had not placed myself upon his ground, but 
Liebig had entered upon mine. Consequently, it 
became his ground, and I had to be removed from it.* 

Every one who contradicts him in science is a bad 
man, and must be destroyed. Now I have contra- 
dicted him here and there, and, consequently, I am a 
bad man, and must be destroyed. He who gives him 
no honour, and is not always speaking of Liebig as 
the sole chemist (den eenigen Liebig), is immoral, and 
must be destroyed. I have never done so, and, conse- 
quently, I must be destroyed. This attempt at de- 
struction commences by quarrelling about some slight 
matter in which he a))pears to have justice on his side 
'■ — and soon the whipping-post shakes with the furious 
blows indicted upon the wretched being who has been 
bold enough to make a remark upon thfe sole man 
(den eenigemman). 

As for me, I am indignant at the language and con- 
duct of Liebig towards others. This indignation was 
apparent in* my letter of 12th December 1844; it has 
remained with me till this moment, and has been raised 
to the highest point by the language he has since ad- 
dressed to others, — by the unwarranted language, for 
instance, with which, in the- same periodical in which 
he puts his question to me, he addresses Gerhardt and 

* The meaning of this is, that the peculiar walk in organic chemistry 
which Mulder had chosen was quite distinct from that to which Liebig’s 
researches were confined, and that Liebig latterly has chosen, along with 

pupils, to enter upon that walk. — T. 



TESTEI* BY MORAlilTV AND SCnENOE. 15' 

Laurent^ — ^two chemists personally unknown to me, 
but who are, nevertheless, his fellow^nen. Tliis ques- 
tion to myself requires elucidation. 

In answering it, shall I address him in his aiim 
style, — ^with invectives and nicknames? Far from it. 
I will address him in the same style in which I wrote 
him on the 12th December 1844. Though doing me the 
greatest injustice, though ever seeking cause for quar- 
rel — ^^of which the protein question, now again brought 
forward, is a new proof, — he shall not have occasion 
to say of me, that I have not respected in him those 
talents which are peculiarly his own, although I deeply 
regret that he so often abuses tliem. I will address 
him in a manner to which human rights entitle and 
force me. I will teach Liebig that he who is nnjnst is 
unacquainted with truth, however frequently that word 
may be upon his lips. 

These words of mine, therefore, are not to be con- 
sidered as a polemic pamphlet, but merely as the ut- 
terance of my profound conviction of liiebig’s thirst 
for the opposite of truth, and of his morbid scientific 
feeling ; not as a contest with Liebig, none at least 
between me and him, because 1 am averse to storming 
and raging. 

As regards the protein question, it is one of the 
many from which Liel>ig’s sense for tfutli may be 
learned. “ He has hitherto not been able to obtain the 
body which I have called protein, either of the same 
composition, or with the same properties, as I have 
ascribed to it.” Let us examine what degree of truth 
is contained in these words. 

1 . The C&mpositimi of Protein. 

With regard to this point, one of Liebig’s pupils. 
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under Liebig's own eyes, analysed protein, and ob- 
tained results which are everywhere praised by Lie- 
big (Ann. xl., p. 39, xxxix., p. 134), and agree com- 
pletely with mine. Thus : — 

Protein analysed by me (1838, Bulletin, p. 110), 
C = 76-437, gave 


Prom Fibrin. 


From Albumen 


G 55-40 55.30 

H 6*95 6-94 

N 16‘06 (calculated) 16’02 

O 21-56 21-74 


Scheerer, Liebig’s pupil, obtained (Annal. 1841, xl. 
p. 44),- C = 76-437 


From the ('lyetalline Lens. From Albumen. 


Prom Fibrin. 


G S.’i-SO 
H 6-94 
N 16-22 
O 21-54 


65-16 

54-85 

706 

6-96 

15-97 

15-85 

21-82 

22-34 


It would, therefore, have been but just, I thinlf. if 
Liebig had put the (juestioii concerning the conq/o- 
sltion, of protein not to me, but to Scheerer, whom 
he calls, rightly in my opinion (Bd. xxxix. of the An- 
nalen, p. 1 34), “ an experienced and talented chemist 
and physician,” — to Scheerer, A\ho seems to have per- 
fectly succeeded in preparing from the crystalline lens, 
from albumen and fibrin, a substance of exactly the 
same composition, and not in the least differing from 
that which I had found before ; — to Scheerer, who has 
worked under Liebig’s eye, and by Liebig’s advice ; 
— to Scheerer, who appears to have actually obtained 
in 1841, what Liebig says he has not yet been able to 
obtain in 1846. 

A person who is unacquainted with the human 
heart* cannot comprehend Liebig’s request about 
the ruinposifmi of protidn, and the less so, since tin- 
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the results obtained by Scheerer in Liebig’s labora- 
tory agree more completely with mine than could be 
the case with any other substance. We both found 
65'4 — 54‘8 of carbon, 7‘0 — 6*9 of hydrogen, and 16'2 
— ^15"8 of nitrogen. Scheerer prepared the substance 
exactly in the same manner as I had done, and every 
one will therefore acknowledge that Liebig might 
readily have either informed himself, or have asked 
Scheerer, how this substance could be obtained o/* a 
constant composition ; or still better, might have remem- 
bered how Scheerer, five years before, had prepared 
it under his own eyes. 

It is indeed notorious, that Liebig appropriates to 
himself the labours of his pupils ; that he makes it ap- 
pear to the world as if all the talents of those who go 
to Giessen to study practical chemistry, were concen- 
trated in his own brains ; and that, witli regard to our 
present subject, he has also brought it forward, as if 
the whole investigations had originated and ended in 
him and his own laboratory. By doing so, Idebig has, 
at the same time, brought u])on himself the necessity 
of standing forward as its defender against all attacks 
from others. 

He who appropriates to himself the honour of a 
discovery, and afterwards calls upon another, whom he 
has deprived of it, to account for its accuracy, is, in 
my estimation, an unjust man, and, consequently, a 
man unacquainted with truth. 

Now I granted the honour to Liebig, — I grant him 
all honour, — but he must allow me also to decline the 
defence of stolen goods. For what reasons induced 
Liebig himself, from the results of Scheerer’s analyses, 
to calculate for protein the formula C** H** N" ? ( A n- 
nal., vol. xl., p. 44.) 
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He calculates protein thus, — 



Per Cent. 

C 4« 

55-742 

H 36 

6-827 

N 6 

16-143 

0 14 

21-288 


These numbers are neither Scheerer’s nor mine; 
they belong to Liebig alone ; and that they have been 
taken, not from my analyses, but from those of Scheerer, 
I think appears from p. 44, vol. xl. of the Annakn. 

I can understand the whole affair if Scheerer be also 
among those that have fallen into disgrace. But if he 
be still numbei’ed among Tdebig’s friends, I then advise 
Liebig to consult his own memory, and ask himself how, 
after calculating, five years ago, a formula of his own, 
from analyses made under his own eyes, he can nmv ask 
by what process it is possible to prepare the body in 
question ? 

If Liebig, however, obtains no assistance, either from 
his own memory or from Scheerer, he will do well to 
address himself to Dumas, with whom he was to work 
out organic chemistry, and to consult his treatise. Stir 
Vet4it actuel <h‘ hi Chimie Or<i<inigm\ communicated to 
the I'rench Academy on the 23d October 1837. 

Duma,s, who is far from being a friend of mine, has, 
in concert with Caliours, obtained results from pro- 
tein, which agree both with mine and with those of 
Scheerer, to which Lielng formerl}" adliered. To make 
the comparison easier, I shall assume the equivalent 
weight of carbon to bo 76‘437, instead of 75, as w'as 
done by Dumas and Cahours. Their results were. 

Protein from 

('asein. Albumen. 

C 55-29 55-42 

H 711 714 

N 15-94 15-92 

0 21-66 21-52 

— (Journ. 6o Pliarin. ct de Cbim. III., p. 11-12.) 
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Dumas observes : “ Comme nous atUchions une 
grande importance k ces analyses, on a pris toutes les 
precautions imaginables pour en assurer la parfaite 
exactitude.” This does not certainly signify much 
from the mouth of Dumas, and I do not (piote it for 
that reason ; but, as connected with an aflair of mine, it 
alters the case materially. (Oil of cinnamon.)* 

It was remarkable how Liebig and Dumas at that 
time (1842), disputed the honour of having found the 
formula H'‘®, N®, This formula, it was stated, 
had been constructed by Liebig “ from the com])osi- 
tion of choleic and uric acids ; it did not express an 
atomic weight, and was called a formula for fibrin and 
albumen.” (Annalen, vol. xli., j). .’15").) Dumas was said 
“ to have appropriated it from Jjiebig, and to have pro- 
bably obtained it through Marignac, (//>/'/., p. .352). 
But Liebig calculated H’®, 0'\ and Dumas H®’, O*®. 
Curious facts those ! A formula derived from choleic 
acid, — of which the composition i.s entirely different 
from that assigned to it by Idebig ! — Dumas and liie- 
big quarrelling about a formula which did not express 
the composition of fibrin and albumen, — of which the 
sulphur and phosphorus had not yet been determined, 
— but of an organic group, contained in fibrin and al- 
bumen ! Liebig accusing Dumas of having robbed him 
of the honour of this discovery at the emLof February 
1841! 

This, therefore, was sense for truth ! I observed it 
with amazement, and was, at the same time, even more 
astonished, when Liebig wrote to me, saying, “ that 
he w'as the first who had done justice to rny labours, 
which had for years (?) been lying unobserved in 

* The allusion here is to a difference between Duma^t and Mulder, in 
reference to the true composition of oil of cinnamon. — T. 
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the work of Berzelius.” Dumas and Liebig quarrelling 
about the formula of a body, which, according to Lie- 
big, was composed in the hundred parts of (C=76‘43.7). 

C 55-742 
H 6-827 
N 16-143 
0 21-288 

Quarrelling about the priority of its discovery j — and 
now asking a person in Utrecht, “ to mention, with full 
details, how this body is to be prepared ?” 

This is truth and justice ! 

in the “Bulletin de Nedrlande,” p. 112, published 
on the 30th July 1838, and forwarded, a few days af- 
terwards, to Liebig and Dumas, — to Liebig directly, 
and to Dumas through the French Academy, — some 
statements of mine are found, which I shall here tran- 
scribe. After the conclusion that, by treating Becca- 
ria’s gluten from wheat, with potash and acetic acid, a 
body of the same composition was obtained as from 
fibrin and albumen, I wrote as follows : — 

“ II parait done, que les animaux tirent leurs prin- 
cipes constituants les plus essentiels imm6diktement 
du regne v6getale. II se peut que I’albumine v6g6tale 
contienne le soufre et le phosphore dans une autre pro- 
portion, que I’albumine animale, la fibrine, etc., mais le 
corps organique quaternaire est la proteine m^me. 

“ Les herbivores ne sont done, sous ce point de vue, 
pas difiFerens des animaux -carnivores: tons deux sont 
nourris par la proteine, par le m#me corps organique, 
qui est un principe principal dans leur 6conomie. 

“ Le pouvoir nutritif du pain et des autres alimens, 
qui contiennent de la proteine, est done, bien facile k 
concevoir. Il.s fournissent, sans que la digestion y 
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op 6 re quelque changement, imm^diatement une des 
parties les plus essentiels du corps animal.” 

The reader, who knew that Liebig and Dumas were, 
in August 1838, acquainted with these statements, and 
also with the grounds upon which m 3 ' conclusion was 
based; — the reader, who thereafter, in 1841, heard Lie- 
big loudljr proclaiming: — “ I, Liebig, have taught the 
world that the principal food of animals is prepared 
by plants;” and who heard the same thing loudly pro- 
claimed by Dumas one 3 ’ear later still, viz. in 1842 ; — 
“ I, Dumas, have taught the world that the principal 
food of animals is prepared by j)lants ;” — this reader 
cannot but join in my wish, that one of these days 
Dumas may also come forward, as Liel>ig has done, 
and ask me, “ How have 3 'ou prepared that bod 3 *, for 
which, as our own discoventj, we assumed the compo- 
sition — 

I, Liebig. I, I>uma«. 


c = 

76-437 

c = 

75 

0 48 

55-742 

C 48 

54*44 

H3G 

6-827 

H 37 

6*99 

N 6 

16-143 

N 6 

15-88 

G 14 

21-288 

0 15 

22-69 ?” 


Tf Dumas were now to put the same question to me, 
then truth were perfect, and justice complete. 

But every reader, who is really an.\ious for truth, 
will^ acknowledge that a person like Liebig, who, in 
all his writings since 1840, uses the discoveries of 
others, and appropriates them to himself, is a stranger 
to truth. 

I am aware that Liebig has, in most cases, spoken of 
a formula for fibrin and albumen, — for it was not he 
who had first dhunciated the term Protein, and this, 
therefore, was not to be used too often ; — but at p. 44 
of the Annalen, vol. xl., is the following plain statement 
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by Scheerer. ProJ^Liebig has assumed for this body 
— protein, — an empirical formula, derived from the 
analysis itself. This formula is — 

C48 H'"* N« 0»L 


Liebig, therefore, distinguished in the vegetable and 
animal nitrogenous substances, not these substances 
themselves, but the protein. Tlius the man of truth 
has, in all his subsequent writings, spoken what was 
not true, viz., that he was the discoverer of the above 
mentioned similarity. “ I say, it was my researches.” 
(Liebig, Annal., vol. xl., p. 35.3.^ 

The author of a truth, then, is not he who merely 
gives it utterance, but he who loudly proclaims it j — 
not he, who writes it in eleven lines of a quarto volume, 
but he who writes whole books on the subject. This 
is Liebig’s fay of reasoning. 

To me it is a matter of indifference. I leave the 
(piestion of priority to people who are acquainted only 
jvith Liebig’s variety of truth. To me it is only ridi- 
culous. But he who robs a man of what is considered 
a distinction, should not have the boldness to address 
questions to him whom he has robbed. Others may 
answer Liebig and Dumas on the subject of protein ; 
/ will not do so.* 

* This question of Liebig lias already* been presented in a different 
and more ouustic manner than it appears in the Annalen, by some 
person who expects that Liebig will correct the numerous errors which 
I have introduced into animal chemistry by protein, w’hicli he prepared, 
not at tlie ordinary temperature, but by boiling in potash (London Medi- 
cal Gazette, March 184(5, p. 440). This article is not by Liebig him- 
self, but is written in his spirit. It is stated there that 1 have repre- 
' sented protein by the formula O” H **’ N*’ = Pr,- the intermediate 

coat of the arteries, by Pr -f 2 HO ; hair by Pf + N H ^ -I- 3 HO, 
and further, with a sign of exclamation, “or an anunuyniated tritoAide 
of protdn 

Tlie reader may judge what degree of truth prevails in this article. 
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In Liebig’s reply to Dumas’ justification of himself 
against the charge of plagiarism (Annalen, vol. xl., 
p. 353), a remarkable expression occurs. After having 
said “ that the discovery of protein is one of those of 
the greatest importance and most fertile in results,” 
Juebig writes : “ It ivas my renearche? ivliich proved 
that vegetable albumen, fibrin, and casein, are identical 
in compo.sition with the constituents of blood a state- 
ment entirely without foundation, and of which I shall 
presently shew tlie complete • fallacy ; — a statement, 
luhicheven Liebiy himself never amsblered true, l»ut which 
he has made only, ls<. Because he wished to s))eak as 
little as possible of*protein, which was not one of his 
discoveries ; and, 2d, In order to produce an efl«‘ct at 
the expense of truth. 

He proceeds, thus : “ M. Mulder certainly ol)taino(i 
protein before, me, as a product t)f the deconi position 
of vegetable albumen; but horn also, ivhen treated 
with potash, yields protein, which does not, however, 
warrant the conclusion that h»)rn is identical with fibrin 
or albumen,” 

An important sentence, indicating the character of 
the man, and elucidating what he writes even now. 
That word “pro/cm” has, from the first, oUended Lie- 
big, — ^because he wishes to a})pear the author of the 
theory that plants prejjare the principal ])art of the 
food of animals. Now, I had promulgated that jirin- 
ciple in 1838, and connected it with protein. For this 
reason Liebig introduced, iu 1841, the poetical names 
of veyetable fibrin, and veyetable casein, that is, the poe- 


I am to be made accountable, not only for the experiments from whieli 
Liebig has derived the formula H ; but fbr the formula 

itself, and the conclusions to which it has led him. Again, a m.‘\v kind of 
truth and Justice f 
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tical identity of the vegetable with the animal albums 
nous bodies j for then they could be called “ my re- 
searches For this reason, also, protein was, from 
the first, to be undervalued, and, in most cases, though 
not always, to be considered as a product of decompo- 
sition, — as ammonia is produced from the destructive 
distillation of animal substances. Protein being placed 
in the background, and the identity of animal fibrin 
and casein brought prominently forward, the whole of 
the merit became kis.* See, in this, says Liebig, the 
character of a great and truth-loving man ! Could I 
envy this man such enjoyment? I allowed him to be 
happy in his poetical vegetable fibrin and casein 
happy in his attacks upon protein,— which appeared 
at one time as a product of decomposition, (above, p. 23), 
!it another as an independent organic group eristlng in the 
albuminotis substances, — that' he might afterwards re- 
tract with honour. 

But the following is the main point : Who says, “ but 
horn also, when treated with potash, yields protein ?” 
Who says this in the April number of the Annalen of 
1 842 ? Liebig, therefore, may bo asked. In what man- 
ner have you obtained from horn a substance which 
you call protein ? 

Finally, as to the words before me, I cannot take 
them in any other sense than that I /rst. obtained pro- 
tein, and afterwards Liebig also. Or, if Liebig has 
never prepared protein, then the expression before me 
is nonsense. If he has prepared it after me, as is ap- 
parent from the expression before me, it is unnecessary 
for me now, at the expiration of four years, to tell him, 
“ Do so and so, and you will obtain protein.” 

The question put to me sounds still more strange if 
we consider that I have prepared protein from two 
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animal and one vegetable substance only, viz., from 
fibrin of ox-blood, from alhttm^i of eggs, and from the 
cocbr^lated albumen of wheat, while Liebig afterwards 
himself saw protein prepared by Scbeerer, not only 
from fibrin and albumen, but also from the crystalline 
lens, from horn, and from hair. 

Scheerer, in the Annalen, vol. xlix., p. CO, gave for 
(C = 76,437) 


Protein from ilalr. 

Q 54-7+6 55-150 
,H 7-129 7-197 

N 15-727 15|727 
O 22-398 2 R 26 


Prom Horn. 

55-408 .54-291 
7-238 7-083 

15-593 15.593 
21-761 23 034 


Dumas and Cahours prepared it from albumen and 
casein. I therefore jirepared protein from three sub- 
stance's, Scheerer from Uto of these three, and from 
three others besides, which I have not used. All 
that remains. for me, then, is to giv’^e an account of ray 
method of preparing jirotein from albumen of wheat. 
The rest remains to be accounted for by Liebig him- 
self, who formerly not only approved of Scheerer’s 
analyses, but everywhere preferred them to mine, ac- 
cording to his invariable niod« of doing justice. It is 
at least certain, that Liebig i.*- .-esponsible for the know- 
ledge of protein from horn, and, therefore, of protein 
itself, since he writes, not only before me, — but also 
that horn, when treated with potash, yields jmotnn. 

All this at the time had its effect. Liebig thus be- 
came the physiological chemist. And now, from a de- 
sire for controversy, because “I have contradicted him 
on almost every page (?) of my work on Physiological 
Chemistry” (as he says in his letter of 29th May 1846), 
he must overthrow protein itself. It had its effect. 
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and this overthrow may produce the new advantage of 
placing another cotemporary chemist “ in the same 
class with Gerhardt and Laurent and, as he dares to 
express himself, , “ of making him hurry into an abyss." 
(“ Dass sie einem Abgrund zu eilen.” Letter 29th 
May 1846.) I say, of mahmg him hurry, for I do not 
of my own accord run into an abyss. Liebig, therefore, 
would drive me into it. What a spirit ! and also what 
presumption ! 

It is, therefore, in my opinion, as clear as daylight, 
that the question at issue lies not in the protein, but 
is personal, and unconnected wi^it. Who can shew, 
in the science, another question m the same kind ? ’ 

But let us see how the matter standi with the albu- 
minous substances. 

After I had published my analyses in 1838, Liebig 
induced Vogel to repeat them (Annalen, vol. xxx., p, 
22), “and assisted him with his advice.” My last re- 
sults were published in the Bulletin 1838, p. 108, and 
1839, p. 10, and were as follow, (C = 70'437) 



Fibrin. 

Albumen 
from Hggs. 

Albumen 
from Serum. 

Casein, 

c 

54*56 

54*48 

54*84 

54*96 

H 

0*00 

701 

7*09 

7J5 

N 

15*72 

15*70 

15*83 

15^0 

0 

22*13 

22*00 

21*23 

21*73 

Pb 

0*33 

0*43 

0*33 


s • 

0*36 

0*38 

0*68 

0*36 


My former results were — C = 76*437 (Bulletin, 1838, 
and Natuur-en-Scheikundig Archief, iv., p. 272 and 
31(5) : 

Filirin from (.)x-blood. Albumen from Kggs. 

5:^960 

7-0i>2 6*812 

15*696 


C 53395 53*360 53*255 53*476 52*98 

H 6828 6*837 0*952 

X 15*102 15*468 15*719 
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Albamen from Serum. Albtimen from Silk. 

C 54-398 53-83 54‘31 54-005 

H 7042 7*23 7-270 

N 15-45G 

I had not then determined the sulphur and phos- 
phorus, and what was waiting to make up the 100, I 
calculated as oxygen. In the first mentioned ana- 
lyses (which ■were my last), I had mixed the oxide of 
cop])er with oxide of lead, by which means the com- 
bustion was rendered more perfect ; and the results thus 
obtaihed I had taken in preference to those which I 
had obtained and published before. 

. Now what were^^ogel’s results, which Lielyg had 
[uiblished in his Annalen, and which were obtained 
under his owj^ eyes ? (Annalen, vol. xxx., s. 35.) They 
were the following ; — 



Fibrin. 

Albumon. 

C’liHOui. 

c 

f>a-76 

53-08 

52-53 

H 

7-27 

G02 

7-82 

N 

1 s.r,o 

10-78 

10-20 

0 

20-38 

23-22 

23-45 

Vogel had 

used for 

the carbon, by 

drogon, aod nitro- 


gen,tlie same eijuivalent weights as I had done ; and in 
order that my results, upon which these experiments 
of Vogel had thrown suspicion, might be* ronderi*d still 
rnore^uestionable, it was said, at p. 22 of the Annalen, 
“ that generally they agreed well with fnine, but that, 
where Vogel differed from me, it was not without suffi- 
cient yrouiuJs, and careful testing,” 

I made no reply to this, although nobody could as 
yet come to any other conclusion than that the wholt^ 
question was still based on very loose grounds. Differ- 
ences of 0*7 per cent, of hydrogen, and 2*5 per cent, 
of nitrogen ! Had any one else ventured to publish 
such results in contradiction of Vogel’s experiments, 
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Liebig would, with all his usual violence, have pro- 
nounced anathema against such a chemist. 

I would call to recollection the history of pectic acid, 
which Chodnew, under the eye of Liebig, certainly 
improved, but he found the truth with the pm and 
not by experiment. In the ffeper of this chemist, my 
analyses of the salts of pectic acid, which are all correct, 
and agree with Chodnew's own experiments, are never- 
theless said to have contained an error of 3 per cent, 
in the carbon, (Scheik. Onderz., Deel ii.) Truth and 
justice ! 

And what became of Vogel’s n^pibers, found under 
the eye of Liebig? 

Two years later, Scheerer obtained, under the eye of 
Liebig, in Liebig'' s labwatory, and aided iy Liebig's ad- 
vice, as before, other results, perfectly agreeing with 
those of my last experiments. Scheerer found, namely 
(Annal., vol. xl., p. 34, 38, and 41), C = 76-437 : 

Fibrin. 


c 

53-671 

54-454 

55 002 

54-976 

H 

6-878 

7-069 

7*2,1 6 

6*867 

N 

15-763 

15-762 

15*817 

15-913 

Ph) 

23*688 

22-715 

21-965 

22-244 


Albumen. 



C 

53-850 

56-461 

55-097 

55-000 

H 

6-983 

7-201 

6-880 

7*073 

N 

15-673 

15-673 

15-681 

15-920 






s } 

23-494 

21-665 

22-342 

22-007 

Phj 


Casein. 



c 

54-825 

54-721 

54-665 

54-580 

H 

7-153 

7-239 

7-465 

7*352 

N 

15-628 

15-724 

15-724 

15-696 

^ ) 





S } 

22-39 1 

22-316 

22-146 

22-372 

Phi 
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Are these analyses so much better than mine? Every 
just man will say, No. But they axe, nevertheless, 
intended to confirm mine. What would Liebig have 
said, if I had published analyses by one of my pupils 
to test researches of his ? And does not justice re- 
quire that we should treat others as we would wish 
to be treated ourselves ? He who is of an opposite 
opinion expresses, by this alone, that tile words truth, 
uprightness, and justice, are mere sounds. Justice is 
the same for Idebig as for every other reasonable being. 

Uprightness required, that the man who had the 
same substances anal^'sed forthe second time, under his 
own eyes, — who preferred the last obtained results, and 
copied them into his books, should have added, “I did 
an injustice in .considering Vogel’s experiments in my 
Annalen as a proof against those of Mulder ; this in- 
justice I hereby wish to correct.” 

I, however, cared little about the matter, and have 
suffered five year5: to elapse without speaking of it. 

While, on the one hand, I believe that difl’erences 
exist between fibrin, albumen, and casein ; Liebig, on 
the other, asserts, everywhere and always, that they 
are of the same composition ; and farther, that the ve- 
getable nitrogenous bodies, formerly called albumen, 
coagula^d albumen, and legumin, should be named ve- 
getable albumen, vegetable fibrin, and vegetable casein, 
for the purpose of expressing their identity with each 
other. All gradually became one j all these bodies 
had the same composition. That is to say, they contain 
the same quantities of carbon, hydrogen, nitrogen, 
and oxygen, and of sulphur and phosphorus as well, 
if these two latter are present. The properties of fibrin, 
albumen, and ca.sein, differed from each other, hut 
those of animal fibrin were the same as those of the 
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vegetable fibrin, &c. It is stated, moreover (Annalen, 
January 1846, p. 133), that the “ composUim of legu- 
min does not differ from that of the other nitrogenous 
vegetable substances which contain sulphur.” 

In another place, he expresses himself thus on the 
same subject. 

A chemical examination of the three substances 
mentioned (viz., coagulated-vegetable albumen, vege- 
table albumen, and legumih), has led to this important 
result, “ that they contain the same organic elements in 
the same j/roportion by weight ; and what is even more 
remarkable, that they are identical in composition with 
the principal constituents of blood, viz., fibrin and al- 
bumen.” It is wm'thy of special attention that he memxt 
here by the same compositioxi, not merely a similar com- 
position (nicht bloss eine iihnliche gemeint is), but 
that “ no difference can he detected in their projwrtmis of 
phosphorus^ sulphur, bone-earth, and alkalies,'’'' (Organ. 
Chemie, in ihre Anwendung auf Physiologic und Pa- 
thologie, 1842, pp. 48, 49). 

Now this is called truth ! In 1842, the proportions 
of phosphorus, of sulphur, and of bone-earth, in vege- 
table albumen, or in coagulated albumen, were un- 
known ; and none of them contained any alkalies. The 
above assertion was supported by no experiment ; and 
consequently ,it ivas a truth foi' which there teas no sem- 
blance of foundation. Liebig acknowledges in Liebig 
alone the right thus to handle truth. It is therefore 
worthy of specud attention, that this whole assertion 
was an untruth in 1842, that it is still so, and that it 
will always remain so. Liebig was aware of this when 
he wrote it ; he was aware that there was not a single 
proof for it ; the statement was made merely for effect. 
He wished to express that the constituents of blood 
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were formed by plants, without naming the word pro- 
tein ; — that the animal organism was a higher plant 
{Ibidem, p. 50); and tliat everything in the animal 
was a product formed first in the plant. But the sub- 
stance of the cells and membranes of the nerves and brain 
is not prepared by plants {Ibidem, p. 51). The cells 
and membranes ! — to shew distinctly, that he possesses 
not the least knowledge of4he animal organism. The 
albuminous matter of the nerves and Wain is not pre- 
pared by the plant, but all the other albuminous matters 
of the animal organism are so prepiired ! 

What must become of science, if ut is so vrantonly 
mutilated ; if poetry is to be siibstitutgfl for facts, and 
if that poetry is to be decorated with cells and mem- 
branes, with parts of nerves and brains, thatt are not 
prepared by plants? A sad light it is that Liebig 
kindles in that dark room (Annalen, vol. xlii., p. 310). 
It seems to me as if I were witnessing the funeral cere- 
mony — the interment cf the science of living nature ! 

So stood the matter in all the treatises and works 
of Liebig since 1840 : all these bodies h/ive been con- 
sidered identical with each other. But now all at once 
there arises a doubt aliout a precipitate, which is ol)- 
tained by adding acetic acid to a solution of these sub- 
stances in potash. That precipitate was found by myself, 
by Liebig — {vor mir, before me*) — by Scheerer, and 
by Dumas and Cahours, to bo of the same compositioi), 
whether prepared from a .solution of fibrin, albumen, 
casein, crystalline lens, vegetable albumen, hair, horn, 
&c. Liebig himself calculated a formula for this preci- 
pitate, which, without any reason "being assigned, was 
different from that for which I had already given my 
reasons. “No!” Liebig now exclaims, “all indeed 
are identical — fibrin with casein, albumen with gluten 


* 


liiebig*!! wonla. 
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— ^yet that' precipitate^ that 4(M!a22B<f protem, I have 
hitherto not been able to obtain of the composition 
which Mulder (and Liebig — vor mir-^l add) has as- 
signed to it.” “ It wa$ my re»earche»y^ he called out to 
Duihas (Annalen, vol. xli., p. 353), which shewed that 
fibrin and gluten, and all the other substances, were 
identical, and had the same composition. But as to that 
precipitate which formerly^also had the same compo- 
sition, he now says, — he cannot obtain of the same 
composition. 

"What Liebig means by the expressions — the same 
composition, and- not the same composition — I cannot 
understand, j^oth expressions are found on p. 133 
of the January Number of the Annalen for 1846. It 
is said of legumin: “that its composition does not 
differ from the othei* nitrogenous sulphuretted vege- 
table substadfees, appears simply from this.” And six 
lines below, it is said of that precipitate, obtained in the 
same manner' from these identical vegetable substances — 
“ I have not hitherto succeeded*in procuring a sub- 
stance free from sulphur, with the composition and pro- 
perties of the so-called protein of Mulder.” If we now 
leave that sulphur out of the question for a moment, 
there is every reason to suppose, that the same sub- 
stances, treated in the same manner, ought io yield the 
same products. 

Liebig alone, who considers everything belonging to 
the protein class to be identical, has thought it neces- 
sary, and he was obliged to think so, that this pre- 
cipitate must always have the same composition. None, 
however, who remember the experiments of Scheerer 
upon hair, naade at Giessen ; or of V an Laer and Tilanus, 
upon hair and horn, can be of this opinion. Who has 
ever asserted, that every substance belonging to the 
protein family ought always to produce the same sub- 
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stsince, witeit treated with potash ail# preeipitated 
with acetic add ? Not I certainly, dnce I have myself 
stated in my work on* Phydel^ical Chemistry, that 
from whalebone, according to the experirbents of ‘Van 
Kerekhoff, and from horn, according to those made by 
Tilanus, no protein is obtained in this manner, but 
that the substance which is thrown down may be con- 
sidered as 3 product of the oxidation of protein. Lie- 
big denies, ’therefore, what he ought to assert, but I 
deny that I have ever said what Liebig would put into 
my mouth. At present, however, I go much farther 
than before, and I assert, that by means of dnmfer 
alkaline solutions, a great number of protein compounds 
ean be made, to yield protein of the same composition 
that I have assigned to it, even though they contain 
bi-oxide of protein. , ' * 

Though all chemists were opposed to this position, 
— r-though no one were able to confirm it, — I^iebig, who 
considers the so-called nitrogenous sulphuretted ve- 
getable and animal lubstances as having all the same, 
composition, — Liebig, at all events, has no right to come 
fon^ard against this precrpitate, unless he first recall 
the words “ the smne^ eompositum,'^ which he has so 
frequently pronounced. 

There is, however, something so peculiar in the 
question now broc^phed by Liebig, that I am unable to 
comprehend, it— even when I leave alone his positiOYi, 
that the so-called protein compounds are one and all 
the same, and assume that there are accidental differ- 
ences among them (fibrin, albumen, casein, gluten, ve- 
getable albumen, coagulated vegetable albumen, legu- 
min, crystallin, globulin, horn, hair, &c. &c.), while 
all agree in their chief properties. That a general con- 
nection exists between tbem,*i8 a conclusion which can- 
not be contested. 
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Whence could this connection arise, but from the 
presence of one substance common to all ? a substance 
possessing the same composition and properties. Nov 
I have found that this substance has no other compo- 
sition than l^at of the body which has been called pro- 
tein ; this might indeed, a priori, be deduced by ap- 
proximation, from the analyses of fibrin, albumen, ca- 
sein, vegetable albumen, &c. I repeat, 6y ajproxima- 
Uon. I think also that it is impossible to establish 
the approximate composition of any substance so firmly 
as that of one which can be tested by the composition 
of so many other bodies. 

It should have been the duty of a man of so much 
experience as Liebig, to ascertain the circumstances 
under which a body — obtained before him, and to be 
found after him by every one who will look for it — 
could be prepared, not approximately, but accurately. 
It is well known that none can find but he who will. 

Should any person suppose me to assert that the com- 
position of protein is firmly estdfblished, he would fall 
into a grave error. In the first place, may I ask. 
How the composition of a body, hitherto so imperfectly 
examined, could be coinsidered as established? In 
the second place, we have not here to do with a sub- 
stance that can be purified by repeated crystallization, 
but one which is most prone to transformation under 
the influence of various reagents. AVlio can say that 
he has duly studied these influences? I am the first to 
admit that mr knowledge of this substance is yet in its 
hfancy. But is this a reason for rejecting as false all 
that is hitherto known concerning it ? or for calling the 
'results hitherto obtained disgraceful? even although 
more recent or better investigations should extend 
our knowledge of the subject, and bring it nearer to 
the truth. For instance, are we to say that liiebig 
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purposely uttered falsehoods, l^ause Regnault has cod* 
rected his analyses of the vegetable alkalies?- Are 
Enderlin, Demarcay, Dumas, Theyer, Schlosser, and 
Kemp, all men who speak falsehoods, because none of 
them has been able to discover the composition of the 
so-called choleic acid ? Is Liebig one who designedly 
uttered falsehoods, because he asserted that fresh bile 
can be completely thrown down by lead salts? — be- 
cause the incorrect experiments with bile, made either 
by himself, or under his eye by young men, whom he 
causes to fight for him, are made the foundation of his 
own erroneous conclusions ? or because he establishes 
the formula 

H” NO>» 


as representing the composition of the so-called choleic 
acid, and indulges in innumerable reasonings upon it, 
all of which are incorrect ? No, indeed ! they were 
errors to which Liebig is subject in common with every 
other man, and such as he often commits, especially 
when he attempts to carry all before him by violence ; 
— for it is not by the ferocity of a savage, nor by de- 
stroying, tearing in fragments, and abusing, that truth 
is discovered, unless perhaps by accident. Truth is too 
sublime for this. The exalted is far remote front this, 
and cannot be reached by means of it. 

He who, with honesty and with such knowledge 
as he possesses, seeks for a thing, and communicates 
to the public what he has found, paves the way for 
others, although he may not himself discover the truth. 

I, consequently, from the moment when better in- 
vestigations shall appear, will no longer defend the 
composition of protein, as resulting from the analyses 
of Scheerer, Dumas, Cahours, and myself j but till 
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tiiSii, I adhere to it. (The Cfhemistry of Veget. and 
Anim. Physiol., p. 294.) 

Prom Liebig I expect no other corrections than snch 
as are accidental. 

Ereiy one has learned the value of the means by 
Ediich Tiiebig pushes his ideas into the world. With' 
unequalled positiveness is everything expressed which 
occurs to him to the moment of j)ublication. The old is 
passed over in silence. But others have not, there- 
fore, forgotten it ; and when we examine the history of 
liiebig’s scientific career, glancing over the Annalen, 
— that scaffold for the chemists of the present day, 
-—the impartial reader will find that Liebig is, like 
every other man, subject to errors, sometimes of a 
grave nature: and that, whilst making mistakes which 
be would severely reprimand in others, he only differs 
from others, in thinking himstdf infallible. When 
Ijiebig, therefore, comes forth, or rather makes another 
come forth, fen' the third time, to oppose my numerual 
results, he must not suppose that the third results are 
necessarily the, best. Of the whole series of protein 
compounds, analysed under Liebig’s din'Ctioii, no single 
result has yet been arrived at, more correct than mine; 
for, in most cases, tlie mean of all these results ex- 
presses each individual one of mine. If that mean 
result, therefore, is correct, each one of mine must be 
correct also. 

Liebig himself has acknowledged, in all his writings, 
that my results have been confirmed by several young 
chemists, whom he himself eulogised ; and any blame, 
therefore, which he might cast upon me in future — as 
he writes me in his letter of 29th May 1846,* — T 
should have the honour of sharing with Liebig himself. 

I* « Vott muit not be lurprised when I ^*11 tell you all tbit in public.” 
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Contrasted with him, therefore, I should have no reason 
to be ashamed. 

But setting the question of blame aside, I am myself 
of opinion, that all, both of Liebig’s work and my own, 
that has been done, up to the present time, will be im- 
proved; and. if my work is corrected a little more than 
his, let it be so. / have never set up claims to infalli- 
bility. 

Our knowledge of the protein compounds is in its in- 
fancy. Every one who can enlarge thisijknowledge 
does a useful work, and confers a benefit upon science. 
If I may take the liberty, then, I would address to the 
educated chemist the following invitation : Correct my 
labours^ and extend them^ that they may yradaally em 
circle a greater part of the domain of science than they 
do at present. Scarcely the first, stone of a graivi edn 
jice has been laid, liefoimn my errors.^ purify science 
from these OTorSj and I especially will be grateful to 
yofu. 

After the above exphuiations, it will certainly be con- 
sidered very strange, that Liebig ventured tlius to write 
to me on the 29th of May last, If you look back a few 
years, you will find that I (Liebig) was first to 
do justice (!) to your researches upon animal sub- 
stances. Your results had for years (!) been ])ul>- 
lished in Berzelius’s work, and no person understood 
their meaning, I still think myself fortunate that it 
was I (Liebig) who first turned the attention of che- 
mists and physiologists to them.” (!) 

How am I to understand this ? Liebig even mvw thinks 
hximelf fortunate that he has turned the attention of 
chemists and physiologists to results which are so in- 
correct (that is to say at present^ for before, they had all 
been corroborated)^ that most of them appear to l>e false. 
The letter continued, What we want is not supplied 
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by your analyses, of wbicb time will shew that the 
greater part (all was blotted out) are false.” If the latter 
statement be true, what ground war there for Liebig’s 
happim$s, because he had fixed the attention of chemists 
upon these false results ? Can it be called ytistice, when 
false results are presented to the world as accurate ? 

Liebig ought, therefore, eiiher not to have thought himr 
self still fortunate, or, if he had reason for such a feeling, 
ought to have found for his happiness a more secure 
foundation than my analyses. 

But, on the other hand, what arrogance is this ! As 
if truth did not propagate itself ! What does Liebig call 
justice ? To write poetically upon a subject, and to' 
create a sensation in the world ? Unhappy man, who 
in science looks so much without, and so little within ! 
He who desires to look for truth, is satisfied when he 
has fyundit. I was satisfied, completely satisfied, when 
I had made some researches, of which Liebig now speaks 
as if he were the man who has made me happy in their 
notoriety ; and then he loudly proclaims them as “ my — 
Liebig’s — researches" (mcine — Liebig’s — ^Forschungen). 
But even if Liebig had proclaimed them as Mulder's 
researches, mf what benefit would that have been to me ? 
The man of science is fortunate even though no one 
does justice to his discoveries. This now is Liebig’s 
way of thinking, represented by himself. To earn 
fame, and to ’collect spoil, is to his pen science and 
justice. It is not truth, therefore, which he calls justice, 
not scimee itself which he seeks, but its acknowMgment 
by others. And when Liebig then appropriates to him- 
self the discoveries of another, and ]>roclaims them oa 
his own, this other must still be grateful to Liebig. If 
now, beside the peculiar kind of justice which Liebig 
vouchsafes to me, he has claims to any discoveries or 
experiments made in this protein investigation, let him 
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specify them. I do not speak of repetiUont of wordt or 
numhert, but of what may be strictly termed a discovery. 
To him alone the honour most belong ; and even after 
he has appropriated whatever he can of my ideas, every 
thing must be again overthrown from bad humour, 
from a quarrelsome disposition, or from caprice, in order 
that he who has been robbed, and has not uttered one 
word about the theft, may be 2 )rovoked to speak. 

I know no more unfortunate state of existence. It is 
as remote from tmth ami justice as evil is fropa good. 


II. The Properties of Protein. 

“ But,” says Liebig, “ the properties of all these bodies 
that are one and the sanve , — of fibrin, albumen, and 
casein, — ai-e changed aftCE they have been treated with 
potash. A mere solution in j)otash-ley, and rc- 2 )re- 
cipitation by acetic acid, is therefore out of the ques- 
tion.” He could not obtain the prcci|»itatc of that conv- 
position, and with those properties, which I had assigned 
to the so-called protein. 

And what are the proj>ertie8 that I have jjssigne<l to 
it ? I have only stated, that protein has all the properties 
which Berzelius mentions in his work as helongintj to the 
class of substances which hold sulphur and phosphorus in 
combination^ with the exception of those ivhich are pecun 
liar to the sulphur and phosphorus themselves (Bulletin, 
1838, pp. 109 and 110). For the sake of brevity I re- 
ferred to these, and mentioned only two properties, viz., 
l«t, that of becoming purple by the action of hydrochlo- 
ric acid ; and, 2d, of being precipitated by the 2 >russiate 
of potash (Bulletin, 1838, p. 1 10). In thus referring to 
the work of Berzelius, it is clear that I meant only to 
call attention to the properties which fibrin, coagulated 
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albumen^ casein, and vegetable sdbumea, bave- m -eentr* 
mow, and pot those in which they iiroraeaeh oth<^. 
In the “ Natuur^n-Scheikundig Archief,” Deal 6, p. 
124, other properties besides the above are mentioned^ 
which are, however, also common to fibrin and albu- 
men, excepting those alone which are peculiar to tJie 
sulphur and phosphorus in these two bodies, 

The properties which I assigned in 1838 to protein, 
from fibrin and albumen,— and since that time I have 
communicated nothing more as to its pr<ypertie$, but in 
regard to its comhmatiom only— are the following : It has 
neither. smell nor taste; is of a. light yellow colour; 
easily pulverized ; insoluble in water, alcohol, and 
ether ; absqi^h^ moisture from tbe air ; swells in water, 
and becomes colourless. Heated upon platinum, it mel ts, 
burns with a flame, and leaves behind a charcoal which 
consumes completely, and much more quickly than that 
of fibrin and albumen. It is soluble in strong acetic 
acid, but previously becomes gelatinous. When to this 
solution prussiate of potash is added, a white precipi- 
tate appears. By hydrochloric acid it is changed in the 
same manner as fibrin. By strong sulphuric acid it is 
converted into a jolly, which contracts on the addition 
of water. With strong nitric acid it swells, becomes 
lemon-yellow, and, after being washed with water, 
orange-coloured. When boiled with dilute sulphuric 
acid, it becomes purple. It is soluble in caustic potash, 
and precipitated from the solution by acids ; but on 
adding an excess of acetic acid, it is redissolved. 
When treated with a strong ])otash-ley, it disengages 
ammonia. By metallic salts it is thrown down from 
its solution in potash ; and by basic acetate of lead, 
from that in acetic acid. A solution in potash does 
not blacken silver. (Natuur-en-Scheikun^g Archief, 
1838, p. 124.) 
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Now Liebig is at liberty to say which of theie pro- 
perties he has not found in protein. I have mentioned 
no others. If can mention none, then he has once 
more proved that the question at issue is unconnected 
with protein. 

It is possible- that protein, obtained from different 
sources, may possess different properties. Of this ! 
had then no experience. Nothing but malevolence can 
assert, that when prepared from fibrin and ajbnmen, it 
could not have the properties that I have described, 
that is, those common to the albtiminous substances. 

An important point, however, remained as to the 
proportion of sulphur. Liebig could not obtain the 
protein free from sulphur, and upon that point also, I 
am requested to give a vemj dctniled explanation. This 
sulphur, which, according to Liebig (see al>ove, p. 30), 
is found in exactly the sanie’projm'tions in coagulated ve- 
getable albumen mixed with cellulose, in the fibrin 
of blood, in soluble vegetable and animal albumen, in 
legumin and casein; this sulphur he could not se- 
parate from these substances by treating them with 
potash. 

With regard to this I could again refer to Scheerer, 
who specifies in all the other substances mentioned in 
vol. xl. of the Annalen, 

Oxygen, 

S'uljihur, 

But in protein only, Oxygen. 

. This seems to shew, that Scheerer, although not hav- 
ing expressly stated it, has ^tually obtained that snb- 
staiace free from sulphur. As it was a point particu- 
larly to be ascertained, whether or not protein con- 
tained sulphur, it can hardly be supposed that Scheerer, 
working under the eye of Liebig, should not have looked 
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for snlphnr. If Liebig at that time neglected to draw 
his attention to it, this is most worthy of remark. The 
fault is Liebig’s, and not Scheerer’s ; because Liebig haej^ 
everywhere appropriated the -honour of Scheerer’s ex- 
periments. 

But this point has occurred to him now, and even 
before, as I have perceived from his letters. He men- 
tions (Annalen, January 1846, p. 133), that Dr Las- 
kowski, in the laboratory at Giessen, had been unable 
to separate the sulphur from casein, albumen, and fibrin, 
when the potash-ley had been kept boiling for several 
hours : when precipitated from the potash-ley, and even 
when fused with caustio potash, and neutralized by an 
acid, they still yielded sulphuretted hydrogen. 


III. On Protein free from Sulphur. 

I come now to the most important fact — one which 
will perhaps contribute to our knowledge of the human 
heart — shewing how a thirst for fame may obscure 
— completely obscure— the knowledge of the very 
first elements of science in a man thoroughly conver- 
sant with them ; — or rather, how a thirst for fame may 
create in him the blind, but ardent conviction, that all 
men of science will neglect to employ its first principles 
just where they require them. 

When sulphur is dissolved in potash, either by fusion 
or by boiling in water, then, as every tyro in chemistry 
knows, sulphuret of potassium is formed ; but, at the 
same time, the oxygen from the potash must com- 
bine with something else. He knows, further, that 
from four equivalents of sulphur (4 S), and three of 
potash (3 Ka 0), there are produced two equivalents 
of sulphuret of potassium (2 Ka S), and one of hypo- 
sulphite of potash (S* O® Ka O) ; that sulphuret of 



TESTED BY MORALITY AND SCIENCE. 


43 


potassium (Ka S) ex|)osed to the air, is converted into 
hyposulphite of potiish (S* O* Ka O) ; that when an 
•xcess of alkali is present, the hyposulphite of potash 
is converted into one equivalent of sulphite, and one of 
sulphate of potash (SO^ Ka O and SO* Ka O) ; and 
finally, that when some acid, for instance acetic acid, 
is added to hyposulphite of potash, sulphurous acid 
(SO*) is expelled, and sulphur precipitated. 

Liebig, no doubt, teaches these things every year to 
his pupils ; they cannot be passed over in any place 
where chemistry is taught. 

Now, if a certain body, X (C*" H*“N*0‘*) + S« is 
dissolved in jx)tash, so that the sulphur leaves the or- 
ganic group, what will take place ? This is a question 
which every one must tisk of himself when examining 
these protein compounds. It is a question which 
Liebig has not presented ttf his own mind, and to which 
the knowledge — the elementary knowledge — of chemis- 
try had given him no answer. Truly a remarkable phe- 
nomenon in science ! To be engaged for years in the 
study of a subject which can be made intelligible to 
children, and at last to come forward with a friendly 
question ; but beneath which show of friendship I very 
well knew what was concealed. Happy in having 
proved to the world, as he thought, that no such sub- 
stance as protein existed — upon part of my work much 
discredit was thrown, and the abyss, — as he thought, 
— ^was not now far off ! 

How is it possible, that “ a man, who speaks of forces 
in sulphur and selenium, who saw hydrogen disengaged, 
when hsematine was treated with sulphuric acid, and 
hence concludes, that iron exists in hsematine in the 
metallic statej” a man who, accordingly, “does not 

* I take' no notice of the phoiphonis, because, in the case in question, 
I can give no account of it that can be tested. 



u 


LIEBIO’S OUBSTIOX TO 


stand on the height of science,” ^us Liebig writes in 
his letter of 29th May last) — that such a man is obliged 
to recall to Liebig’s mind the properties of sulphur^ 
of potassium and of hyposulphite of potash ; — to point 
out these to him with emphasis, because, allowing his 
elementary knowledge to lie dormant, or leaving it 
purposely unemployed, he puts a seeming friendly ques- 
tion with an abyss in prospect. (The reader knows 
what liiebig means by abyss : It means an article in 
the Annalen from his pen ! Whenever such an article 
appears, Liebig thinks, that the man against whom it is 
directed is morally dea<l, and that he need neither ex- 
pect nor fear any farther influence from him upon that 
public which Liebig seeks to please). 

Let us — however ignorant I may be — not leave un- 
applied our knowledge of sulphuret of potassium and 
the hyposulphites, but let «us use it where it is neces- 
sary ; that is, where an organic substance containing 
sulphur is dissolved in potash. 

It would be needless for me to remind the reader, 
that when four equivalents of sulphur are dissolved in 
an excess of potash, the action of the air causes the 
rapid formation of two equivalents of hyposulphite of 
potash, and that, at the Siune time, two equivalents of 
sulphur are ]>recipitated from this by an acid, being 
half of the sulphur that was originally used. When 
either fibrin’, albumen, or casein, are treated with a 
weaker or stronger potash-ley at an elevated temperor 
ture, so as to make these substances dissolve, acetic 
acid is then added to the solution, a large quantity of 
sulphuretted hydrogen is disengaged. 

Whence does this gas arise, if not from sulphur, 
which the potash has separated from the protein com- 
pound ? The question, therefore, cannot be, whether 
the potash separates any sulphur, but whether it sepa- 
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rates all ? That sulphuT is separated from the white 
and yolk of an egg by very weak alkaline solutions, 
ill familiar to every chemist.* 

In my forAer experiments, when I digested the 
substances at a higher temperature, I had never dis- 
covered a trace of sulphur, on heating the protein \fith 
potash upon a piece of silveribil. In now repeating 
the same experiments, I found not a trace of sttlphur 
in protein from albumen, on burning the organic sub- 
stance with carbonate of potash and nitre. 

In other products, prepared in a similar mann(‘r from 
albumen, fibrin, beef, and veal, I have sometimes ob- 
tained substances perfectly free from sulphur ; while at 
others some sulphuric acid has appeared after the sub- 
stances were burnt with nitre and carbonate of potash. 

Has Liebig now any right to deny the existence of 
protein, because it may contain sulphur, — sulphur of 
which at one time he would not hciar — which hithejrto 
was of no consequence, but which may now be of use 
in enabling him to deny the existence both of protein 
(Annalen, January 1840) and of l)i-oxide of protein. 

The impartial man of science does not act in such 
a manner. In the Jirxt place, protein can be obtained, 
with the greatest case, free from sulphuric acid and 
sulphur ; but even although it could not be so ob- 
tained, — although the method'bf separating the latter 
were not yet known, — although Liebig’s formula for 
protein C“ H®* N® O’® were completely unfounded — no 
one who has investigated Nature on this subject will 
dare to deny, that, in this long series of albuminous 
substances, there exists a peculiar body, by which we 
were enabled to connect them together in a class, ex- 


* The blackening of a silver spoon by a boiled egg is caused by this 
sulphur. — T. 
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tensive even before protein was known, but whicb, since 
its discovery, has been very much enlarged. 

From whence comes now this imponderable^ but yet 
visible.) trace of sulphuric acid, which it obtained, not 
from but from some kinds of protein, by burning 
with nitre and carbonate of potash ? Is it really sul- 
phur ?. Is it possibly not sulphuric -acid ? 

ThI first thought which forced itself upon my mind, 
was that of an impurity — arising either from part of the 
original substance, which, although dissolved in the 
alkali, had not been completely separated from the sul- 
phur, or fi-om sulphur itself, or from sulphuric, sulphur- 
ous, or hyposulphurous acid. In every case, it is imr 
•pmity j for, I repeat it, that there is no difficulty in 
obtaining protein from all substances in which it is pre- 
sent, without any trace of sulphur or sulphuric acid. 

But if it, perchance, should contain sulphuric acid, 
after combustion with nitre and carbonate of potash, in 
what amount is it ? Is it less than was originally found 
in the substance employed ? What, then, is the cause of 
that decrease ? If the proportion of sulphur diminishes 
•to one-half, one-fourth, or one-third, what is it, then, 
that has been obtained? Certainly not the original 
substance, for this contained the whole of the sulphur. 

These are questions which the impartial man of 
science really desirous ^ finding the truth, and not of 
placing obstacles in ' the way of others, asks himself, 
and readily solves. 

’ How is protein to be obtained free from sulphur ? 
From albumen, for example, by the employment of a 
potash-ley of such strength, at such a temperature, and 
so long, that the sulphur is caused to leave the organic 
group. This commences even at the ordinary tempera- 
ture, if a strong ley, containing one-tenth of the hydrate 
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of potash, has been used, but requires, a higher 
rature, if a weaker solution be employed. There is 
a fixed relation between the strength of the alkaline 
ley, the cpiantity of albumen dissolved by it, the tem- 
perature to which it is exposed, and the period during 
which the action is protracted. I shall, presently, treat 
of this more in detail, but must here mention a fifth 
condition, upon which the successful preparalson of 
protein depends, viz., the influence of the air after the 
sulphur has been completely separated.* 

Under these circumstances the following aption takes 
place. The sulphur of the albumen combines with po- 
tassium, and forms sulphuret of potassium ; the oxygon 
of the potash goes to form hyposulphurous acid, whicl^ 
unites with the potash. 

When now a solution of sulphuret of potassium ib 
exposed to the air, it is again converted- inU) hyjmsul- 
phite of [(Otash. By a protracted contact wdth the air, 
this salt becomes more highly oxidized; but if this 
contact is not long continued, and it remains wholly or 
partly in the liquid state, and then an acid is poured 
upon it, the hyposulphurous acid will be decomposed 
into sulphurous acid and sulphur, = SO* -f S. The 

sulphurous acid is expelled, the sulphur is necessarily 
precipitated and mixed, not combined, with the protein, 
which is at the same time thrown down. . Now, as hy- 
posulphite of potash is directly formed in the first in- 
stance, and a sufficient supply of oxygen will always 
obtain access to convert part of the sulphuret of potas- 
sium into the hyposulphite, it is natural, in every case 

* This and all other scientific parts of my writing is not intended for 
Liebig. I do not wish to receive from him any more of hin justice ; I 
am satisfied with what I have already received. The discoveries of an- 
other are not considered true, unless hebimself derives honour from them. 
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vher^ the* fajposulphurous aoid has not yet become 
^mpre^ighly oxidize^ that so much sulphur should be 
mixed the protein, as always to form a precipitate 
with it. Hyposulphite of potash is constant fti the air, 
but when tin excess of alkali is present (as is the case 
h^re), it is converted into two equivalents of sulphite of 
pqtash (S 0® Ka45 + Ka O) = 2 (SO* Ka 0), and sub- 
sequcDtly into two equivalents of Jliilphate of potash, 
2 (80® Ka O). Before this change has taken place, how- 
ever, the half of the sulphur must fall along with the 
precipitated protein. It is well known, that hyposul- 
phite of potash is produced from sulphuret of potas- 
sium on exposure to the air, ai^d that this salt is also 
|brmed when sulphur is dissolved in potash.* 

Liebig ought not to have required me to draw his 
attention to matters of this kind ; for they belong to the 
first elements of chemistry,' in which he needs no in- 
struction from me. 

Since we are now upon the elements of chemistry, 
with which Liebig is better acquainted than I am, — 
and 1 have not a moment’s hesitation in repeating this 
before the scientific world, b^<‘ause it is tnie, — I must 
make one other remark about the sulphuretted-hydro- 
gen, which is disengaged u{)ou adding acetic acid te 
the potash-ley, in which fibrin, albumen, or casein, are 
dissolved. 1^ found it very easy to prevent this disen- 
gagement, though with Liebig it seems to have been 
otherwise. Whence arises this difference ? 

The reason is simply this ; that I allow such opera- 
tions a few days’ time. The sulphuret of potassium 


* Wkea •olphitr is diMolred in potash alone, and acetic acid added, 
a praaipitate of fulphuf is always found, even when the potash is in lai;ge 
axaeas. Tlus iadorived front the hyposulphite of potash produced. (3 Ka 
0 4-46 ptodnee 6* 0* Ka 0 4 2 Ka 8.) 
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has then been converted into the hypoBulphitOj and the 
latter into sulphite or sulphate of potash, ahd now the? 
acetic acid can no longer expel any snlphnretlfed hy- 
drogen. It is clear that Liebig, who constantly 'speaka 
of sulphuretted hydrogen, must have experimented 
quickly. If Liebig were open to advice, I should say to 
him, Allow these substances sufficient time, and you 
will separate the wliole of the sulphur. 

From what has been stated, it is evident, that pro- 
tein containing sulphur, may be prepared from a com- 
pound of sulphur and protein, without any of the original 
substance remaining ; for example, protein containing 
sulphur may be prepared from albumen, without any 
albumen being left. From the composition in the ■ 
hundred parts, the sulphur may then l)e subtracted, lu 
other words, if the albumen employed contain 1 per cent*, 
of sulphur, and by dissolving it in potash and precipi- 
tating by acetic acid, wo obtain a i)roduct containing 
0*3 per cent, of sulphtir, it is by no means necessary to 
assume that three-tenths of the precipitate still con- 
sist of albumen, or of some new compound of an organic 
substance with sulphur. This sulphur is merely derived 
from the hyposuli»hite of potash, and is thrown doy(/fi 
by the acetic acid together with the protein. When it 
cannot be removed by a. solvent, the albumen has cither 
been treated with too weak a potash-ley, or at too low 
a temperature. 

The sulphur therefore, of which Liebig speaks in the 
experiments of Dr Laskowski (p. 43 above), is only an 
admixture, and not a chemical combination. A potash- 
ley of moderate strength, after having .been boiled with 
albumen for some hours in the air, contains jio longer 
any organic substance combined with sulphur f— no such 
organic body is thrown down by acetic acid, it only con- 
tains an admixture of sulphur, derived from the decom- 

D 



50 LIEBIG’S QUESTION TO MULDER 

position of the hyposulphite of potash, as Liebig might 
readily have understood from general chemical princi- 
ples. By boiling, the access of air is prevented, the 
oxidation of the sulphuret of potassium, and the pro- 
duction of hyposulphite, sulphite and sulphate of po- 
tash, only takes place imperfectly, and the hyposul- 
phite, which is directly formed, is but partially con- 
verted into sulphite or sulphate. ^ The oxidation can 
only be com])letely effect^ by prolonged contact with 
the air. I repeat, these facts are mentioned in every 
chemical manual, and Liebig is well aware of them. 

If protein, free from sulphur, is required to be rapidly 
prepared, a compound of sulphur and protein must be 
treated with moderately strong potash, at a temperature 
of about 140® Fahr., and the precipitate produced by 
llcetic acid digested not only with the usual series of 
solvents, but also with some other in which sulphur is 
soluble. 

And now I naturally arrive at the consideration of a 
part of Dr Laskowski’s criticism of the protein theory 
(See the end of this article). We are indebted to this 
chemist for a new method of quickly preparing protein. 
Biebig, who again employs Laskowski to contend for 
him, as he does so many young men who go to Giessen 
to acquire a little of his knowledge, has not said a word 
to him about the properties of sulphuret of potassium, 
and hyposulphite of potash, and has, on the contrary, 
directed him to boil — actually to boil — a solution of 
sulphuret of potassium and hyposulphite of potash, in 
order, by this process, to prevent the indication of sul- 
phur by acetate of lead. Now this is a tedious and 
difficult method. The mere boiling of 10 milligrammes 
of flowers of sulphur alone in potash-ley until there is no 
longer a reaction upon acetate of lead, would be very 
troublesome; but to take 100 grains of a protein 
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com}>ound which contains, for instance, 1 per cent, of sul- 
phur,’ and to boil away this 1 grain of sulphur, would bo 
tedious in the extreme. And what must, in the mean 
time, become of the organic substance ? 

It was impossible for l.)r Laskowski to carry out this 
long process, and therefore two substances were em- 
ployed, the use of which is actually to bo acknowledged 
as an important contribution to our knowledge of the 
methods of preparing protein. These sul>itances were 
oxide of bismuth and silver. The addition of these sub- 
stances to the solution did not take away the sulphur 
from the substance, for this was done already by the 
potash, and could not be effected by these bodi(\s ; l>ut 
they decomposed the sulphuret of potassium and tlie 
hyposulphite of potash. Thus, the desired ol^joct was at 
last obtained by Laskowski, and a liquid was ]>repared,' 
from which aca^tic acid prbci{)itated a flocky organic 
substance /rcc from sulphur ; whilst another substance 
was held in solution, only diff<‘ring from the forim^r by 
its solululity in water (Annahm, Mai 1840, p. 158-100 ). 
The precipitate was analysed, but Laskowski himself 
attaches no value to this analysis. 

A second time, therefore, protein has been prepared 
at Giessen ; and thus the same paper ivhich denies the 
existence of protein,, actually confrms it,, for a careful 
examination will shew that th0 precipitate produced by 
acetic acid, and free from sulphur,, is protein. But to 
say it is so, and it is not so, is precisely the master’s 
method of reasoning. He says, none arc right, and none 
are wrong ; you know a great deal, and you know 
nothing. He at last finds the substance which I have 
indicated, and then denies its presence. 

A remarkable phenomenon indeed ! A substance 
free from sulphur cannot be obtained. It is said to 
have no being — to exist merely m paper (Annalen, Mai 
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1846, p. 148 and 164) ; and yet a snbstance free from 
sulphur is obtained (Ibidem, p. 159), even without a 
knowledj^e of the properties of sulphuret of potassium 
and hyposul[)hite of potash. 

Remarkable phenomenon! Not only is aprecipUate 
free from mlphur obtained, on adding acetic acid to a 
Holiition of albumen in [)otash, but the same thmg also is 
fowmi tvhich Van Laer dwcovered some years while 
})assing a current of chlorine through a liquid, from 
which protein had been thrown down. A precipitate 
was obtained, the quantity of which was large, in pro- 
portion as less protein had been ]>roviously separated 
(Scheik. Onderzoek., Deel 1, p. 170), that second body, 
iianndy, which, identical in composition with the pre- 
ci))itate, but soluble in water, remained in the liquid 
obtained by Ijaskowski.'^ Those sul)stances, free from 
sulphur, which at the same time ewist and have no 
existence, were never thought worthy of analysis ; it 
was merely said, ‘‘ There is no protein . I obtain^ ivhat you 
have mentioned ; bat what have you mentimied ? Why^ 
mily certam substunces; bat ivhat do they concern me? 
They cannot he ivhat you represent them to /><?, although 
I nviy find them the same^ identically the same,, bodies : 
for the discovery ivas not first enunciated by me?’^ 

If this is not the way in which Ijiebig reasons, I do 
not understand the conteftts of the May N umber of the 
Annalen 1846, p. 158-160, and p. 164. But in what- 
ever way he may reason, I will lienceforth hold to Dr 
I^askowski’s statement, viz., that when albumen is treat- 
ed with a potash-ley,, two substances are produced free 
from sulphur, the nature of which u neauly the same, 
— for Lashowsk! boiled the ley, — as that of t/ie substance 
which I have called protein?'* 

^ AmiHing to Laskowslvi, the latter is eliicfly from casein. 

(Annalon, Mai 1S40, p. 101.) Sec lelow. 
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I may detail this matter more distinctly. Dr Las- 
kowski could not decoinj)Ose the sulphuret of jnitus- 
mim and hyposulphite of potash by boiliiijr; and ho 
used oxide of bismuth or silver for the ])urpose of si'pa- 
rating the 8ulj>hur, both of which substances remove 
the sulphur from a solution of dowers of sulphur in 
caustic potash so comj>letely, that acetic acid does not 
cause the preci[)itation of any sulphur. The oxygen 
of the air would have done the same, if, afttu' having 
heated the liquid, and thus separated the sulphur from 
the organic grouj), ho had ex|)Osed the solution to the 
air at the ordinary temperature, until the sulphuret of 
potassium and the hyposuljdiite of j>otasli were con- 
verted into sulphite or sulphate of potash. 

1 rcqieat, thei’efore, thftt stiver or that Otvide of his^ 
mirth have nothing to do rvlth the reinovrti of srtl/dnrr from 
the organic <frorrp^ for this alas already done. If, there- 
fore, Dr Laskowski ha<l not cmploye<l oxide of bismuth 
or silv(M’, but merely tlie oxygen of the ain^he would 
have obtain(‘d the saiin^ pro<iiicts that hr di<L 

And what has h(^ obtained : 15y means of arefir arid 

he has thrown down from the i*otasli-leij a jmerl/atafej 
which was /y-cc from suljdinr ; — aflocky preeij^itate, in- 
soluble in wat<U', alcohol, &c. ; or, in other wonis, tlio 
very substaiict? which I have cuHcmI protein. 

Now, I ask, what ought to have l>een done to cor- 
res[K)nd with a criticism, in which |>rotein is deprived, 
of existence., and called a .Hidistance upon paper ? After 
a flocky precipitate, free from snlpliur., has at last be(*n 
obtained ])y means of aci'tic acid — (I have n('V(*r men- 
tioned any other substance under the name of protein), 
— it should have be(Ui the duty of the criticiscu- care- 
fully to examine. this preeijutate. This, however, was 
not done. He makes a rude experimental anahfsis^ 
which he himself d^ies ri/ot consider as correct. Is it al- 
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lowed to publish analyses, which are not esteemed good 
hy the experimenter himself, in order to depreciate the 
labours of another? 

The result will shew, that the precipitate free from 
sidphur, obtained by Dr Laskowski from the potash so- 
lution by means of acetic acid, if duly prepared, has no 
other composition than is represented by the formula 

C*o HM K* 0“ 

the proportion of carbon, which he found in the first 
instance, completely agreed with that in protein (C= 
75’12), viz. 

Precipitate free from sulphur obtained by Dr Laskowski, Protein. 

C = 54-6 C = 55-02 

By a correct analysis, the following result and no 
other will be obtained : — 

H= 6-8 to 7-0 
N = 15‘6tol6*0 

It is iKjw in the power of every one to judge, whether 
the chemists that do not belong to Giessen are there 
treated justly or unjustly ? Have I ever described as 
protein any other substance than a precipitate free 
frorti sulpkm\ obtained hy means of acetic acid? When 
such a precipitate has at last been obtained, is it proper 
then to pass it over with mere experimental analyses ? 
He who does so is, in my estimation, an unjust man, 
whose object is not truth. 

Again, Laskowski has obtained from a solution of 
albumen in potash-ley, by means of acetic acid, a pre- 
cipitate free from sulphur, which, according to an ex- 
perimental analysis, contains 

C 54*6 
H 60 
N 23*9 
O 15-5 

I'lie question, therefore, now no longer is, whether 
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such a precipitate free from sulphur can be obtained, 
but what is its composition ? This was determined by 
myself, Schecrer, Dumas, and Cahours, not by experi- 
mental analyses, but by others which I believe are 
correct, and found to be (C = 75’12). 

C 

H C't>6 

N 16-04 

o aa-01 

I would ask the reader what impression this kind of 
justice makes upon him ? Is such conduct not a dis- 
grace to our century ? 

I am, however, far from laying any charge against 
Dr Laskowski as yet (see the end of this article). As 
usual, Liebig, in the Number of hisAnnalcn for January 
last, gave a preparatory account of the nature of Las- 
kowski’s communication, which was to appear in the 
May Number, in order that he (Liebig) might get the 
credit of it. Consequently, I now speak of Li(^big, and 
willingly ofter the hand of friendship to Lifekowski. I 
here tender my kind thanks to this antagonist of pro- 
tein, because he has once mon^ proved to the world, 
that a precipitate free from sulphur can be ol>taiued 
from albumen. 

As regards the substance likewise free from sulphur, 
which remains in solution (p. 413 of the above Annalen), 
Van Lacr has analysed it, as it appears in coml/ination 
with chlorine. 

It is either protein or oxide of protein ; for, according 
to the proportions of carbon and hydrogen, it is 
N® + a O® (C = 75-12) 

Liebig, to whom I have regularly sent the Scheikundige 
Onderzoekingen, ought to have mentioned this to Las- 
kowski, for it is there stated, Deel i. p. 170. The quan- 
tity which is obtained is larger, as the alkali employed 
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is Htroiiger, or the temperature higher to which it is ex- 
posed, and, under the same circumstances, the quantity 
of protein precipitated is smaller. This body ^ free from 
mlphwr^ soluble in water^ obtained from albumen and 
other protein compounds, proves the value of the em- 
pirical formula, 

C40 lldO Ql« 

as much a's the precipitate free from mlphur. 

Honoured reader! tell me — Could I, by any possibility, 
have had a more useful antagonist than Laskowski, who 
comj)letcly confirms the point in question ? 

I consider Laskowski, then, as an honest man. Liebig 
has not wished any further mention to be made of these 
two bodies free from sulphur. Having come so far, it 
was necessary to stop, but every man of common sense 
must acknowledge, that there, where he has stopped, 
he ought to have commenced. 

Chemists, who are acquainted with the nature of sul- 
phuret of |fetassium and hyposulphite of potash, will 
oblige me exceedingly by again examining these two 
compounds. The . fear of the man in Giessen will 
surely not be so great as to deter them from this un- 
dertaking. 

But how did I formerly prepare protein ? In the Bul- 
letin de Neerland, 1838, which contained only short 
abstracts of treatises that appeared in the Netherlands, 
very little is mentioned about the manner in which I 
prepared it. At p. 109 I have said, Quand on traite 
la fibrine, I’albumiue de I’muf ou dii scrum par la po- 
tasse caustique tres-l'aible, la matiere se dissont en- 
tierement. Par I’acidc acetique on precipite une sub- 
stance floconneuse, que j’ai lav6,” &c. Not one word, 
therefore, is said concerning the temperature at which 
tlii'so substances have been dissolved in potash. 

But this was only an abstract of a more detailed me- 
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moir on this subject. At p. 104 of the Bulletin, it is 
stated, J’eii donnei ai un extrait dans ce Journal, tan- 
dis que je^reiivoio le Lecteur a TArchicd’, tome G, |>our 
les details, quo jo passerai pour le present.” 

Among those details, it is inentionc<l, vol. vi., p. 119 
of the Natuur-cu-Scheikuiidig Archief, tlmt fibrin 
and albumen were dissolved in potash at a temperature of 
about 140" F.” 

I think I have a right to require, that, if a man ac- 
cuses me of having publishiMl accounts of substauces 
which he also has once found — tiiuLs, but cannot now lind 
again — and this is the meaning of what Lit'big writes 
now, in the Aimalen of January and May 1840, — tliat 
such a man should read what has been said ujion the 
subject, not in an abstract, in wdiii h the reader is refern*d 
to the original j)aj)er, but in that original [)aj>cr itseli‘. 

To Liebig tliat was unnc(M\ssary. 

We read in the Aimalen, January 1840, p. 1.42, 

When fibrin, allminen, or cas(*in, an*, according to 
Mulder’^ s direet fous^ dissolvcsl in potasb-b'y of moderate 
strength, an<l then neutralized witli acetic acid, no pro- 
tein free from sul])hur, as Mulder believes^ is precijii- 
tated. I have found, that when this solution is mixed 
with some h?ad-salt, it does not blacken it in the least. 
AVhen the white preciidtate obtained by acetic acid is 
washed and dissolved in a pbtash-ley, aud^theu boiled, 
this liquid, when mixed with sugar of lead, b(*coines 
black as ink.” 

It is here said, that I direct ami believe ; and m‘ith(‘r 
of these assertions is true. I have never directed librin 
and albumen — I have not st)okeu one w^ord as vt^t of 
casein — to be dissolved, at the ordhtarij temperature in 
pot<isli, and then to ju-ecipitatc ; but I have said, that 
the solution must be efiected at about 140" F. TIjo 
rashness with which so frequently Liebig judges, is 
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here also the cause of his ascribing to me words which 
I have never uttered, 

A man who can dissolve fibrin, albumen, or casein, 
in potash, at a temperature of about HO"" F., and then 
*says, I have found that this solution, when mixed 
with sugar of lead, does not blacken in the least,” states 
facts, of which I have asserted just the contrary. 

I repeat once more : I have prescribed, in my me- 
moir on this subject, in the Archief, 1838, p. 119, the 
eniployinmt of a temperature of about 140° F. for the 
preparation of the solution of fbrin and albumen. Lie- 
big should have either made the experiment in this 
manner, or not at all.^ 

Tliis part of Liebig’s attack, therefore, falls to the 
ground. Fibrin, &c., dissolves in a weak ley at the 
ordinw*y temperature, without parting with sulphur. 
If not kept for a sufficient length of time at a tempera- 
ture of the requisite degree, it only loses part of the 
sulphur ; and the presence or absence of sulphur in the 
precipitate, is the test which indicates whether the pro- 
tein is pure or not.f At a boiling temperature, the 
sulphur may be separated fx’om the protein ; but this is 
not sufficient either to convert the hyposulphite of pot- 
ash into sulphite and sulphate, or to decompose the sul- 
phuret of potassium. This is only effected by a longer 
contact with the air. I repeat, that, when the air has 
free access, the hyposulphite of potash in a few days 
becomes more highly oxidized, and after that the pre- 

♦ By about 140° F’., I mean the temperature of a sand-bath. This 
about may have signified sometimes less, sometimes more, than 140°. I 
did not, at that time, understand the reason for employing this tempera- 
ture as I now do. At all events, I said about 140° F., which certainly 
does not express any great accuracy. 

t The temperature at which the various sulpho- protein compounds, 
in a potash-ley of a certain strength, begin to part with their sulphur, 
is very variable. Horn docs it quite readily ; albumen loses sulphur in 
a ley of ^ of caustic potash, even at the ordinary temperature. 
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cipitate contains not a trace of sulphur. The liquid 
should not he heated to l)oiling, because then, especially 
when the alkaline ley is too strong, the protein is de- 
composed. 

This, therefore, has been my practice. I placed' a 
quantity of potash-ley, with some protein compound in 
it, on the sand-bath, at a temperature of alH)ut 140“' F., 
for albumen and fibrin. I candidly confess that I <lid 
not then understand, as I now do, either the vahie of 
a regulation of tenlperature, or of the <legree of stnmgth 
of the potash-ley, or of the time of action, or of the in- 
fluence of the air. I can<lidly acknowledge, that I have 
merely put asids for some dai/s allmmen and filtrin, 
heated to about 140“ F., more or less, not caring much 
about the circumstance, e.rcept the time f)/" action. 

My fri<'nd. Professor Schlossbcrger, who j>aid mo a 
visit in December last, and therefore before tin; last 
January Number of the Annalcn had a])i>eareil, can 
testify, that he has seen, with me, albumen in ]iotash- 
ley, placed on the outside of a vapour-bath, which had 
a temperature in the interior of 200“ F., but on the ex- 
terior of 140° — 176° F., and left there for some days. 
From this solution ho has himself [)reci[>itated protein, 
but did not farther exaftiine it ; and every one who has 
ever visited my laboratory, and has either himself pre- 
pared protein, or seen it made, can testify, that the 
substances were left upon the sand or vapour-bath for 
a number of days, in a moderately strong potfish-ley. 

I therefore lay no claim to peculiar acuteness in the 
discovery of protein free from sulphur ; I must, on the 
contrary, accuse myself for not having better 8tudie<l 
all the circumstances attending its production. Hut I 
can the more positively declare, that I have not found a 
trace of sulphur in the substances, which I threu) dmvn 
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by Qjcetic acid from a potashAeyy placed upon a sandrhath^ 
when I employed fibrin or albumen. 

Wliat I have now to add to the method of preparing 
protein is as follows : Take a potash-ley, containing ^ 
of hydrate of potash, mix it with coagulated albumen, 
previously washed with water, so as to cause it to dissolve 
s{>eedily, and let the whole remain upon the sand-bath 
at a temperature of 140'* — 176° F., until the reaction 
of sulphur no longer increases. Let the liquid remain 
ex|)Osed to the air in a large basin, at the ordinary, 
temperature, stirring it frequently, to oxidize the aul- 
phuret of potassium and hyposulphite of potash. Then 
preeijiitate with acetic acid,'^ and repeat the same 
operation with the same substance, should the j)reci- 
j)itatc still contain sulphur. Wash it with warm water, 
digest it with alcohol and ether, and do not consider it 
pure if any sulphur or sulphuric acid be found in it. 
When the potash-ley is stronger, the protein free from 
sulphur is formed more readily, but in such case, the 
temperature and time should bo regulated accordingly. 

Recently, however, I have endeavoure<l to discover 
more certain methods. In emjdoying these methods, 
it has ap|)ear<*d, that the alkaline h^y, even wdien weak, 
should not be boiled; that at* 176° F. at the utmost, 
and in a ley containing of dry caustic potash, a 
com))letc sc[)aratioii of the sulphur takes [dace in an 
hour’s time ; that is to say, that for the coagulated 
albumen of four eggs there should be taken 50 grains 
of potash to 500 grains of water ; that then only a small 
quantity of de-sulphuretted precipiUite is obtained, but, 
on the contrary, a great deal of a soluble substance, 
free from sulphur, which can be precipitated with 
chlorine. 

* Tho smoll which is here omitted does not arise from sulphuretted- 
hydrofp'ii ; this gus ouglit now no longer to bo disengaged. 
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The white of 8 mixed with 20, 30, or 40 grains 
of pota^sli, ainl 1000 grains of w^ater, V>eing exjuxseii for 
five hours to a temperature of 203"* F., — that is, lUMirly 
the boiling point, — yields almost no precipitate of pro- 
tein, but a very large (]uantity of a soluble substance 
free from sulphur. The solution, tl erelore, in both 
cjises, was too strong, or the temperalurt' too high— -per- 
haj)S both conditions had an influence. 

The white of 12 ('ggs, mixed with 40, 20, 10, or 5 
grains of poUvsh, and 2000 grains of water, ('xposcsl for 
one hour to a temperature of 203' F. — again under tlie 
boiling j>bint — in each case produced, wdth acetate of 
lead, a precipitate, which, from tin* three tirst, was as 
black as ink, and all in thc^ same* d»\gree — from the last 
it was only brown-coloured ; of j^otasli tlanadorc^ is 
too weak, but ^ ,Vo strong enough to accomplish the sariie 
in one hour, Jis is doin? with of ])Otash. The ley (d’ 
4 having been kej)t at that temperature two hours 
longer than the former, producaal an e(|ually dark colour 
witli the learl-salt, as in the three fornu?r (*ases. 

A little of the three first solutions, when tested with 
acetic acid, yielded abundant preci]>itates. The so- 
lutions W’^ere exposed to the air at tlu' ordinary tem- 
perature, and fre<jiiently stirr<*d, to enabh^ the oxygen 
of the air to penetrate them. The reaction with acetate 
of lead gradually disappeared, and after .this was no 
longer manifested, the licpiid was <*xpo8ed to the jtir 
four days longer, frecpiently stirred, and finally filtered 
and precipitated. 

When this method is employed, a precipitate will he 
obtained, which, wdien boiled with a j)eH‘ectly saturated 
potash ley, does not produce the slightest change of 
colour with acetate of lead.’* 

But w^e possess more dedicate reagents tliaii acetate 
of lead, poured. drop l>y drop into a solution which 
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has been boiled in a strong alkaline ley. A portion oi 
the substance, in a strong ley, must be heated on a thin 
]>iece of silver, and allowed to remain thereon in the 
remainder of the potash-ley. If, after having remained 
there an hour, no change of colour is perceived on the 
silver, the substance is free from sulphur. Protein, 
which after being long boiled in a strong solution of 
potash, and then mixed with acetate of lead, gave no 
trace of sulphuret of lead, still yielded a distinct 
brownish spot upon silver, when it had been acted upon 
by potash. 

If any chemist still feel inclined to consider this 
body as albumen, let him burn it with nitre and car- 
bonate of potash, and after dissolving it in weak nitric 
acid, add chloride of barium. He will find no trace of 
sulphate of baryta, because this salt is not sufficiently 
insoluble to indicate the minute quantity of sulphur 
that may still be present. 

Such a body, in the ordinary acceptation of the term, 
as used by every chemist, may be said to be free from 
sulphur. Every one who has prepared protein a few 
times, and has attempted to do it with accuracy, will 
easily succeed in obtaining a substance which does not 
produce the slightest discoloration of a silver plate. It 
must then again be digested in potash at alow tempe- 
rature and re-precipitated ; for, generally, a trace of sul- 
phur is still mixed with it, derived from the hyphosul- 
phite of potash which had not been completely de- 
composed. Dr Laskowski found a trace of sulphur 
(Annalen, Mai 1846, p. 162) in all the products which 
he obtained. “ The quantity of the latter, viz., sul- 
phuretted-hydrogen was, however, so exceedingly minvie, 
that I do not venture to assert that the sulphur here 
discovered did not arise from the admixture of some 
foreign substance.” It is impossible to speak more 
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plainly than Laskowski does here. But this is not al- 
lowed to be called wii/ protein ; its discovery belongs to 
Giessen, and it is naturally immaterial to me how it 
may be received. I do not contend in defence of my 
discoveries, but I speak of Liebig’s sUtempts to depre- 
ciate those of others. It is not 1, therefore, who have 
obtained protein free from sulphur ; this, according to 
his account, has first been accomplished in Giessen. 
And at this Liebig feels himself quite elated. 

But did not Liebig, who makes it appear now in his 
Annalen, as if I had treated fibrin, albumen (and casein), 
with potash, at the ordinary temj>erature, and had ol)- 
tained protein in this way, — did h«! not know before, 
that I had employed for this ])urposc an etenafed tetn~ 
perature? Is not his present ol>ject, therefore, a wilful 
perversion of truth ? “ As Mulder directs, as Mulder 

believes" (these are his words). 

Will the retulei' be so good as to refer to tlie article 
“ Blood,” in “ PoggendorflP und LieVtig’s Handworter- 
buch, vol. i., p. 890.” There he will find the follow- 
ing words written by Liebig : — “ That fibrin or albu- 
men must be treated with a moderately strong potash- 
ley, at 122° F., and that then the addition of aceti<i 
acid produces a precipitate of a sul^stance cmipletely free 
from sulphur and phosphorus, having the other elements 
present in the s?ime proportion as in fibrin and albumen. 
ITie stdphur and phosphorus have been taken, away, and 
the other elements have remained in combination. When 
the potash-ley is neutralized, a di.sengagcment of sul- 
phuretted-hydrogen is perceived ; and after the jireci- 
pitate has been removed from the liquid, the latter is 
found to contain a certain quantity of an alkaline phos- 
phate" So Liebig himself spoke in 1842. According 
to him, therefore, protein is prepared at 122" F. ; ac- 
cording to me, at abmtt 140° F. 
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, Wo read, further, in the simne book, p. 892, agaitfby 
the same author, the gelatinous (?) precipitate ob- 
tained by dissolring fibrin and albumen in a heated 
(erhizter) potash-ley,' and afterwards supersaturating 
with acetic acid, dries into a white or yellowish-white 
mass, which can easily be powdered. Prepared from 
either substance, — fibrin or albumen, — it shews the 
eame character, and all its other properties are completely 
the saimy 

Further on, again (p. 893), we read ; — “According to 
this,” viz., the conformity between the results of Scheerer 
•and myself, “ we may consider it as perfectly certain, 
that fibrin and albumen, as regards the proportion of 
their organic elements, are identical in composition. 
Protein, prepared according to Mulder’s prescription. 
Contains in the 100 parts, by the 

Analyses of Dr Scheerer : — 


Protein from Albumen. 
C 55-160 
H 7-055 
N 16-216 
0 21-569 


From Flbun. 
54-848 
■ 6-959 
15-876 
22-317” 


Now, in the first place, I reason, in the spirit of Liebig, 
thus : — fibrin is identical with albumen, protein agrees 
in every respect with fibrin and albumen ; protein, 
therefore, is 'identical with fibrin and albumen. 

That was in 1842. But in 1846 . 1 am desired to 
state, with full details, the mode in which this body 
should be .prepared, although he has seen it pre- 
pared formerly by himself and Scheerer, and now by 
Laskowski. 

But," — and this is of no less importance, — who ever 
spoke in 1842 of 122° F., and of heated potash-ley 
(erhizter Kalilauge) ? I never, mentioned 122° F., 
but ahont 140° F. Consequently, neither the words 
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nor the experiments to which Liebig referred in 1843 
are mine, for in 1842 I did not know j>rotein as a white 
substance, neither do I know it as such in 184(5. It is 
quite certJiin, that Liebig s[>eaks here of his own ex-^ 
l>eriments, as he writes ahmt a suhstame altogether free' 
from mlpJmr and phosphorns. 

Liebig ought, therefore, to render an account of his 
oum errm\% if any errors have i^cen committed, instead 
of charging uAcwith them; I am, at least, not inclined 
to submit to such a substitution. If Inelug had asked 
before what he now requires of me, it would have been 
my duty to answer ; but now having s|>ok(ui of 122'' F., 
and oi ivhite protein^ — now having himself described a 
method of j)rej)ariiig protein free from sulphnr^ having 
the same properties^ and the same composUian^ as that 
which I oi>tained, it is for himself to defend what he 
has published as his owmmrk. 

It appears, however, from his w'ords in tin? llmul^ 
ivbrterlmch^ quoted before, that Lif'big (*ither knew or 
supj) 0 sed in 1842, thSt I had ap})lied heat^ and, there- 
fore, it is not in accordance with good faith to make 
it apjicar now as if I had not clone this, Imt had a[>- 
plied the ordinary temperature. It is im|>ossiblo for 
any one to believe that Liebig could have forgotten in 
1840, what he had written in 1842, on the same suIh 
ject upon which he now throws doubts. In his 
Thieixhemie (Animal Chemistry), 1842, p. 100, ho 
again says : ‘‘ In every case, the organic elements of the 
substances mentioned arrange themselves in the same 
manner, when they are brought into contact with caustic 
potash at an elevated temperature,” — a scnt(?nce which 
exactly expresses what I wrote in 1838 ; for about 140® 
F. means an elevated temperature. 

I would, therefore, conclude this part of my subject, 

E 
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by repeating a$ Mulder does not direct, as Mulder does 
not believe, and by observing that Liebig has pur- 
posely here told an untruth, simply with the view of 
complicating the protein question. My original memoir, 
in which I speak of about 140* F., was actually read by 
him at the time of its publication ; and now he en- 
deavours to make it appear as if I had applied the or- 
dinary temperature. 


IV. Of Legumin. 

I feel it necessary here to correct an error which I 
have • committed in mentioning the experiment of 
Rochleder upon legumin. (The Chemistry of Veget. 
and Anim. Physiology, p. 297.) I had overlooked the 
fact (Annalen, vol. xlv., p. IGli), that Rochleder dissolved 
his legumin in a strong potash-ley without the aid of heat; 
this was lately called to my remembrance on the oc- 
casion of Van Laer’s experiments upon legumin. I, 
therefore, correct this error at once. Rochleder ireated 
legumin with potash at the ordinary temperature j this 
I had misundei'stood in his paper. But does this prove 
that I have not formerly applied a heat of about 140° 
F., when treating these substances ? Does this falsify 
what I published in 1838, and what Liebig himself, in 
1842, copied in several places? I must speak dis- 
tinctly ; have I applied no heat, because I overlooked 
in Rochleder’s paper, that he applied 6nly the ordinary 
temperature ? If any involuntary mistake should cause 
such a conclusion, this would become a sad, a danger- 
ous precedent. All Liebig’s works thus overflow with 
unparalleled mutilation of truth. Ought he not there- 
fore to tremble when he takes up the pen ? 

It is a question to be investigated, whether or not 
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Icgumili contains sulphur, and if it does, how much ? 
Liebi^^ cannot mean, however, that he has pre|>ared 
leguinin in the manner mentioned by him in the Jan- 
uary Number of the Annalou, 1846, p. 182. Whilst 
RochledtT only added a feiu drops of ammonia to the 
water with which the bean-meal was mixed, and threw 
down from this winter tlie legumin, by moans of acetic 
acid (Annaleii, vol. xlv., p. lo7), Liebig mixed peas- 
meal with aonnoniacal nutU)\ and from this waiter, 
precipitated by acetic acid a mixture of Irgnmin and 
coagulated vegetable albumen^ the lattt'r of which was 
rendered soluble by the ammoniacal water. Liel)ig 
knows very well, that the so-called coagulated albu- 
men is soluble in ammonia, and that it is impossible 
by his method to j)repare from petis-mcal legumin 
free from vegetable albumen. Can it be, that liiobig 
is not aware of the presence of album(*ii in almonds 
and peas, and of the solubility of that albumen in am- 
monia? I cannot believe this. JUit Liebig must also 
then have known that he spoke of a muvture of legumin 
and albumen.^ 

According to him, its composition does not differ 
from that of the other nitrogenous vegetable substances 

* I (Unacted pease-tnoal to be inixrd willi water at tin? ordinary tem- 
perature of a warm summer day, and tli^estc^d it fur Buino hours at a 
temperature of F. The liquid was then liltert?d, first tliruugh cloth, 
and then through pajKir. To the perfectly clear liquid, acetic acid wuj* 
added ; the wliite precipitate was duly washed with water cuntainiiig a 
little acetic acid, and then treated W’ith alcohol. This precipitate 1 call 
legumin. 

AVhen the acid liquid is boiled after filtration, a large quantity of a 
second precipitate is produced. When this is separated by filtration, 
and carbonate of ammonia added to the liquid, a large quantity of a 
third precipitate appears. \Mien, at last, the same peas-meal is di- 
gested in ammoniacal water, filtered through paper, and acetic acid added, 
a large quantity of a fourth white precipitate is obtained. 

The first product is legumin ; the second and third are probably so 
luble, and the fourth certainly insoluble Tegetable albumen. 
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containing sulphur, which follows from the simple fact, 
that peas (?) contain all that is necessary to keep up 
the formation of blood, and through this to sustain ani- 
mal life.” (Aiinalen, Jan. 1846, p. 133.) In this way 
Liebig reasons ; and we ought, therefore, never to en- 
ter with him upon the consideration of scientific ques- 
tions, for he does not reason soundly, when life and 
vital functions are the subjects. 

Peaa contain everything ; consequently, one of their 
constituents contains sulphur ! Is he in earnest, or how 
is this to be taken ? 

Is the substance prepared 1>y Rochleder’s method, — 
viz., by dissolving legumiii (free from albumen) in pot- 
ash, — ])roteiii, or something else ? V"an Laer will soon 
publish his investigations on this subject. At present, 
I merely confine myself to the remark, that it ought not 
to be called casein^ the less so, because animal casein is 
a coinjdcx body, a mixture of substances which have 
not yet been discovered in legmnin. Whoever calls 
legurnin rasehi^ has studied neither of them. Whoever 
persists in asserting tliat they agree so perfectly with 
each other, as to be entitled to one and the same name, 
is determined not to seek for truth. 


V. Of Protein with Sidplmr. 

By the use of a weak alkaline ley, by too low a tem- 
perature, or too short a period of exposure to the action 
of potash, no pure j^rotein (that is, free from sulphur) 
can be exj)ected from the protein comjiounds. A 
mixture of substances is obtained, part of which have 
lost, and part retain, their sulphur. 

It is of some importance to inquire, what is the com- 
position of these mixtures ? This inquiry may lead to 
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an increase of our knowledge of the composition of pro- 
tein itself ; for, should it appear that the composition 
of that mixture is no other than what arises from a 
more or less complete separation of the suljdiur (aiul 
phosphorus?), then the comjiositiou of [)roteiu will be 
established anew. If, for instance, albumen, partly de- 
prived of its sulphur, l)e found to have a composition 
intermediate between albumen that has lost the ivhole 
of its sul|)hur, and albumen that has lost none, then 
no other conclusion can be drawn, than that the body 
which is free from sulphnr must have the composition 
of albumen nmius sulphur. 

The (piantity of sulphur (and phosphorus) that is 
present in albumen, casein, &c., is so small, that a par- 
tial se[)aration of the sulphur cannot have much in- 
fluence on the proportions of carbon, hydrogen, nitro- 
gen, and oxygcm ; but the proof, which is afforded of 
the composition of protein by ultimate analysis, is so 
much the more com])b'te. If, for instancts protein 
were a body totally different from albunuui auam sul- 
j)hur and jdiosphorus. then a mixtun* of albumen and 
])rotein would not give any indication of the comj)osi- 
tion of the latter. 

The investigation of the following sulisiances, all of 
wliicli contain a certain <|uantity of sulphur, has led to 
the discovery of an a<iditional peculiarity in j>rotein. 
It may be obtained uiuhu" two rlifferent forms, and this 
I have now to add to its history. When (dther a strong 
alkaline ley, — for instance, one containing of dry 
caustic potash, — or a high temperature is employed to 
dissolve the protein com[K)unds, acetic acid precipitates 
protein in an anhydrous state. In some cases this is 
de])Osited on the sid<*s of the vessel, as a substance 
more or less coloured, sometimes eveji dark, which is 
at first flocky, but afterwards, while still moist, viscid 
and resinous. When dried at 200' F., it is anhydrous 
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protein. In this state I obtained it in my former ex- 
periments ; from hair it is always extracted in this 
form. Dr Van Laer will be able to declare, that as he 
obtains it from hair, it always answers Laskowski’s de- 
scription. In this form, the quantity obtained is compa- 
ratively small. If the atomic weight of carbon be 
taken=76‘437, its composition is always according to 
the formula N® 0“; but when = 75‘12, the num- 

ber of equivalents of hydrogen is only 30, and therefore 
the formula then becomes C** H®® N® 0“, as I stated al- 
ready two years ago, at page 294 of my work on “ The 
Chemistry of Vegetable and Animal Physiology.” I 
think it unnecessary to adduce all my former results, 
which accord with tlie follow'ing calculation. Wlien C 
is=75‘12, the formula gives 

Atoma. C&lculatcd. 

C 40 55-09 

H 30 6*86 

N 5 76-04 

O 12 22-01 Equiv. = 5454-2 

The formulae for the substances, whicli I have called 
bi-oxido and tri-oxide of protein, must therefore un- 
dergo a similar modification. 

Thus the whole formula of protein may require to 
be modified, in consequence of the change in the equi- 
valent weights of both carbon and nitrogen. That of 
the former wrfs assumed to be 7G’437, and of the latter 
177*04, when I fixed the formula N® Now 

carbon is=:75*12, and nitrogen = 175*8, or 175. 

The change of carbon alone produces a decrease of 
40 X 1’317, which has an important influence on the 
composition. But as the means we possess for control- 
ling the analysis of this protein are not so complete 
as those for uric and nitro-benzoic acids, I consider it 
at present superfluous to enter into an argument on 
this subject. 
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It might perhaps be thought better to have no for- 
mula at all ? But why, then, hasihebig given forraulee 
for the vegetable alkalies ? Of these the composition is 
also far from being known, and yet formula? have been 
constructed for them. Why did Liebig himself give a 
formula of his own for protein ? 

I believe that my formula for protein has no more 
value than that for one of the vegetable alkalies, and if 
any one is able to correct it, he may freely do so. I 
shall be the first to hail it with pleasure. 

But if the formula is at present still ca|>al>le of de- 
fence, I am prepared to defend it upon the ground of 
the composition of the following substance alone, 

C40 IJSO O. (Chlorite of Protein.) 

It ought not therefore to be assailed witliout mercy, 
merely because it is oflensfve to Liebig. It is not trvth 
to assume without foundation the formuht 
whilst with chlorous acid ((1 O’^) it gives in the chlorite, 
(MO Qi‘ 2 ^ mtin wlio scclvs truth, should be al)Ove 

the paltry vanity of desiring to read his own formtda 
in preference to that of another. For my part I shall 
willingly assume the formula 11’^ Ts'* from the 
moment when good reasons are assigned for it. 

It is remarkable that it should be considered im- 
[>roper to look for an equivalent weight of protein, — 
that it should have none, — that sc()king for it should 
be iatro-chemistry ! How much has Liebig fought, 
spoken, and written against it? This is because it 
was not discovered by himself. A formula is granted 
to bile, which is well known to consist of a variety of 
substances. Bile has an equivalent weight, and this 
although another has shewn that it is a mixture, and 
cannot^ therefore, have an equivalent weight. Bile must 
have it, and shall have it. / will it^' says Liebig. 



72 


Liebig’s question to muldek 


Biline, ...... 

Ftllinic Acid, ..... 

Cholinic Acid, ..... 

C’lioloic Acid, ..... 

Taiirino, Ac., with .... 

(/hloride of Sodium, Phosphates, Sulphates 
of Soda, &c., .... 


Are equal to 

after deduction 
of the ash. 


/ 


Turnips, exhaustod by boiling, have the formula "HP 
! And yet none, according to Liebig, should be 
allowed to the indep(uident organic group of the albu- 
minous bodies ! This cannot be called sound reason- 
ing. The identical organ, which says, — the precipitate 
obtained by adding carbonate of ammonia to a solution 
of fibrin in hydrochloric acid, contains a trace of phos- 
])hatc of lime, conseqiKuitly this body ouglit not to have 
an etjuivalent number (Liebig’s Annalen, January 1846, 
p. 131), — this identical organ, I say, remains silent when 
called upon to judge of its own idea of subtracting 3*5 
per cent, of common salt from bile ! lliis cannot be 
correct. In the moral world it would be called see- 
ing a mote in the eye of another, but overlooking the 
beam in one’s own.” 

What is the meaning of this, or how it arises, I know 
not ; I will therefore give it no harsher name than that 
of an infirmity. 

I rejx'at once more : — my formula for protein is no 
better fouiuled than that of every other sul)stance, the 
comthntum of whicli is not well known, and the products 
of whose deconi[)osition do not account accurately for 
every e(juivalent of carbon, hydrogen, nitrogen, and 
oxygen, that it contains. On the contrary, as protein 
is a substituce having a very high equivalent weight, I 
think it quite possil>le that we shall yet obtain a new 
insight into its composition. 

But is this a reason for calling the present formula 
false ? It rests on the best information which we at 
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present possess. There are at present some grounds 
for the fornuila N® 0 '“, but none for any other. 

These grounds ought to be tested ; they should either 
be confirmed by other proofs, or found insufficient, and j 
rejected. 

Again, I defend it, as T have said, on account of the 
composition of the chlorite of protein. If, in the inves- 
tigation of such bodies, no more indulgence is granted 
in the search after a true and constant formula, than 
in the examination of the cyanogen compounds, — then 
the nature of chemical investigation is not understood, 
or what is required by justice is not granted. 

Elaic acid has several times been the subject of in- 
vestigation by very experienced men, and yet Gottliel) 
has recently shewn that they were all in error. The 
former investigations, nevertheless, pavetl the way for 
Gottlieb, and no one can call them unworthy. Who- 
ever requires^that I should reveal the whoh' truth at 
once in every examination of new^ substau(‘e.s, such as 
protein, would force me to bid farewell t<» sciein'c. 

Where a weak alkaline solution, containing 4 Jr/ of 
caustic potash, and a temperature ol‘ 140 -170"* F. ar(» 
apjdied, many, though not all j)rotein com])ounds, are 
dissolved within twenty-four hours, and the solution is 
nearly colourless. If this liquid has not been long 
enough exposed to the air, the addition of acetic acid 
causes a disengagement of sulpliurethMl-liydrogen, and 
so abundant a ]>recipitate is j)roduccd that grent part 
of the substance emjdoyed is recoven'd. I say great 
part, for however weak the potash-ley may be, some of 
the substance is always decomposed. It would be er- 
roneous to conclude from this, that protein does not 
pre-exist in such organic substances, aHallnimen. For 
when |)rotein is dis.solved in an alkaline* liquid by 
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the aid of heat, ammonia is disengaged, and only part 
of the protein used is precipitated by acetic acid. If 
this precipitate be again dissolved in alkali by the aid 
of heat, and again thrown down by acetic acid, the 
quantity obtained is less than before, and thus, after 
repeated solutions and precipitations, the protein will 
at last entirely disappear. Whoever, therefore, denies 
that protein pre-exists in albumen, on the ground that 
only part of it is thrown down from the potash solution 
by acetic acid, and that ammonia is disengaged during 
its solution, ought also to deny that protein exists in 
protein, and even, that he had originally used albumen, 
because this is at last completely decomposed. Protein, 
is a substance which is very liable to decomposition ; 
it cannot bo dissolved in an alkali without being at the 
same time partially decomposed. We find similar sub- 
stances in tannic acid under the influence of alkalies, in 
the neutral fats when in contact with sftnmonia, and 
in several other substances. Van Laer has, however, 
proved longago(Scheikundige Onderzoekingen, Deol I., 
p. 170 ), that even on the addition of hydrochloric acid 
to a solution of albumen in pota.sh, the whole of the 
protein is not thrown down, and that on passing a cur- 
rent of chlorine through the liquid, after separation of 
the precipitate, chlorite of protein is produced. — See 
p. r>8, supra. 

By a low temperature, therefore, and a very weak 
alkali, we not only obtain the largest quantity of j)ro- 
tein, from albumen for instance, but we obtain it also 
in a form, differing from that in which it appears on 
applying piore heat and a stronger alkaline solution. 
By the first method, it may be obtained wdiite as pow- 
dered chalk, and perfectly pure. It is thrown down 
from the solution by acetic acid, and appears as an 
abundant flocky precipitate which does not adhere to 
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the glass. It is washed first with cold and then with 
warm water, and while still moist is digested with ether, 
boiled with alcohol, and dried in the air. 

When prepared from albumen in this manner, it is 
combined w ith sulphur, and yet it is no longer a^)unien ; 
it contains not a trace of phosphorus^ and hardhj a trace 
of inconilnistible residue. It is as i>ure as under the cir- 
cumstances could be expected. Its chief properties are 
tie same as those I have dcscril)ed before, l)ut it (liffers 
from the other kind of protein by containing one equi- 
valent of water. This is the hydrate of protein. 

An analysis of this kind of })rotein fVom albumen 
gave the following results (the quantity of sulphur in 
it caused a trace on a silver plate, but amounted to no 
more than 0*1 or 0*2 percent.)* 

Phosphorus 0 

Ash =: ^ per cent. 

I. 0*554 gave 1*089 grains of carbonic acid, and 0*'HB of water. 

0*5875 gave M. Voolckor, of nitrogen— 

42 cub. cent, before the exp. at 75° F., and 708 millini. baroin. 

pressure, 

117 cub. cent, after the exp. at F., and 7f»7*5 milliin. 

11. 0*G75 gave M. Voeleker — 

1*325 of curb, acid, and 0*428 grains of water, 

0*560 gave of nitrogen — 

43 cub. cent, before the exp. at 70® F, and 708 milliin. 

114 cub. cent, after tlie exp. at 03® F. and 707 milliin. 

m 

These gave, assuming the equivalent weight of car- 
bon to be 75T2, — 



Found. 


Atoms. 

Calculated. 


i. 

11. 



c 

53*71 

53*70 

50 

53*98 

II 

e*98 

7*09 

31 

0*93 

N 

15*04 

15-50 

5 

15*73 

0 

24*37 

23*91 

13 

23*30 e< 


Differences, such as exist in protein, arc found in seve- 

* See the proportion of sulphur in albumen, inj\u. 
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ral otlier substances. Without adverting to lactic acid 
and other bodies, I shall only mention here tri-oxide of 
protein, which, when hi the soluble state, is represented 
by the formula, — 

C^o Ipo O'* + 110 (C = 75-12) 

Whilst in the insoluble state it is 

QiO jjao 015 

Van liaer obtained it in the latter form from the chlorite 
prepared from hair (Scheik. Orderz., Deel I., p. 161). 

lli-oxi<l(‘ of protein also occurs in two different forms, 
and perhaps in <)thers besides. ’ 

The hydrate of protein, 

0*0 jpo Qia ^ JJO 

is no doubt the form under which protein exists in se- 
veral of its compounds. Now that this has been found 
(and before this there was uiiqu(\stionably a blank in 
the history of prot(?in), the compounds of protein will 
))robably have to be re-calculated after the formula 
(C = 75*12), — 

0*0 1X30 QIO ^ IJQ 

Anhydrous protein may be ])repared from fibrin, by 
means of a strong alkaline solution ; but with a weak 
solution 1 have not been able to obtain it. Neither 
have I yet succeeded in sc'parating the hydrate of pro- 
tein from casein. By a|)plying a weak alkaline ley at 
the tem|)oratiire of digestion, and subsequently adding 
acetic acid, I obtained a large quantity of perfectly 
white anhydrous j)rotein. After digesting this in w^arin 
water, and then burning with nitre and ^irbonate of 
potash, only a trace of sulphuric acid could be detected 
in it. In w^arm w^atcr it became soft and tough, differing 
in ‘these respects from hydrate of protein, as obtained 
from albumen. Before I precipitated the protein, I 
left the potash-ley in contact with the casein, at an 
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elevated temperature, until the liquid, mixed with 
acetic acid, no longer bhickened upon the addition of 
acetate of lead. The casein hiul been prepared by 
heating milk vrith acetic acid, washing the curd witli 
water, and subsequently digesting it in alcohol and 
ether. The ley, employed for its solution, was heated 
to 122“ F,, and contained sJo of caustic 2 )otash. 

0-381 left 0-002 of ash.* 

rVoni 0*478 M. Voelckcr obtained 0*9r>25 carbonic acid, and 0*302 
water. 

O’ 403 gave 0*810 carb. acid, and 0*2.57 water. 

1*0375 gave of nitrogen — 

before the exp. 53 cub. cent, at 75® F. and 759 millim. 
after the exp. 189 cub. cent, at 70® F, ami 759 inillini. 

C = 75*12,— 



Found. 


Atoms. 

Calculated. 

c 

54*75 

55*15 

40 

55*09 

H 

7*05 


30 

6 86 

N 

15*77 

5 

16*04 

0 

22*43 


12 

22*01 


Ky this result, I have the pleasure of confirming 
what Dumas and Cahours have stated, I had never 
before analysed protein from casein, but Dumas and 
Cahours have done so : they found (C = 75) 

C 64-32 
H 7-09 
N 15-94 
O 22-65t 

* The weights in all the analyses are grammes. 

■f After the protein from casein has been precipitated by acetic acid from 
the alkaline solution, and this acid has been added in excess, the addi- 
tions of neutral acetate of lead produces a large precipitate in the clear 
liquid. This precipitate seems to contain hydrate of protein ; at least 
the proportionfllbf carbon and hydrogen w'cre found to be 

C 53*64 C = 7512 
H 6*90 

It was, however, mixed with an excess of phosphate of lead which I have 
deducts 1 from it. We, therefore, re<iuirc further investigations on this 
subject ; but it is worthy of remark, that cheese jiossesses this property in 
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I must repeat here, that neither the substance from 
albumen, nor that from casein, were free from sulphur, 
of which they contained perceptible traces. Yet they 
had lost sulphur under the combined influence of the 
alkali and heat. They have further been prepared, 
with the precautions described at p. 65, and the solu- 
tions were deprived of sulphuret of potassium and hy- 
posulphite of potash, by being left in contact with the 
air for a protracted period. 

I consider neither of these precipitates to bo protein^ 
because they contain traces of sulphur. But although 
they are mixtures of much pi-otein with a small quan- 
tity of the original substances employed, yet their com- 
position does ndt agree with any other formula than 
that by which protein has been expressed. Should that 
expression of their constitution be objected to, there- 
fore, because the substandes were not completely free 
from sulphur ? I still conclude that when albumen and 
casein are dissolved in a solution of potash by the aid 
of heat, and with the separation of sulphur^ the addi- 
tion of acetic acid produces a precipitate, the compo- 
sition of which docs not differ from that of protein. 
Were the latter substance so very accidental a pro- 
duct in the process of decomposition, the precipitates 
before described could not have given the results I 
have represented. 

It is probable, therefore, that if the protein formerly 
prepared by Liebig, Scheerer, Dumas, Cahours, and 
myself, contained traces of sulphur mixed with it, — 
as may, for instance, have been the ci^ with my 
vegetable albumen (Bulletin, 1838, p. 11*, which, as 

coxmnon with the white of eggs ( 
parate the whole of the protein fx 
left is much greater than can be < 
precipitated protein* Protein ma] 
a MoluUt fbnn. 
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I now suspect, was not deprived of allits sulphur at 
the temperature of 88“ to 104“ F., — still it could not 
have been perceived in the ultimate analysis. 

I conclude then, from this, that the composition of 
.albumen and casein, although only yMrr(ta% freed from 
sulphur, does not deviate from that of protein, but 
rather approaches to it ; and, consequently, that albu- 
men'and casein arc for the present to be regarded as 
consisting of protein with sulphur. 

I say at present^ for I have never ventiired to attach 
a higher degree of certainty to this idea. I think it 
very possible that albumen, for example, is a combina- 
tion of C" N” S with C' H’? N“ O or with two or three 
groups, and that we shall still discover some method 
not merely of separating all the sulphvr from it, but of 
separating this sulphui-ctted group from the rest. Now, 
should this be effected, prolein will either cease to bo re- 
presented as it is now, by C* N® 0“, or albj^men will 
receive another name. But until an ultimate analysis 
yields something else than C** H* N* 0“ with sulphur 
and phosphorus, this empirical expression is equally 
correct with that of cane sugar, C‘* H* O*, which is, in 
my estimation, neither more comprehensible nor scien- 
tific than the formula 0“ N® 0“. 

From the analyses of the mixture here mentioned, 
I still therefore assume the same empirical formula 
for protein free from sulphur to which I have always 
adhered ; and it appears, that all the analyses of albu- 
men, &c., are to considered as corroborations of the 
formula itself, provided we subtract from them the sul- 
phur and^hosphorus. 

VI. Of the several Oxides of Protein. 

It will not he inappropriate to examine more closely 
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the Bubfltanees thafr are derived from protein, espe- 
cially those which I have called oxides of protein, a 
name which likeVise offends Liebig (Annalen, Janu- 
ary 1846). ** » 

If it be thought desirable to designate these sub-v 
stances by different names, they certainly deserve them ; 
but for the present we have names not altogether in- 
appropriate for the following bodies (C= 75*12) : — • 

1. C“ H“ N* 0^ anhydrous protein. 

2. 0" 11“ N® O'* + H O hydrate of protein. 

3. C®® 11“ N‘ O'® anhydrous protoxide of protein. 

4. C“ 11“ N* 0'® + H O hydrate of protoxide of protein. 

5. C“ 11“ N* O'® anhydrous bi-oxide of protein. 

6. C®® 11“ N* O'® + 11 0 hydrate of bi-oxide of protein. 

7. C®® 11“ N' O'® anhydrous tri-oxido of protein. 

8. C*® H“ N* O'* + 11 0 hydrate of tri-oxide of protein. 

The jifst body is obtained from fibrin, albumen, ca- 
sein, vegetable albumen, hair, and a great many other 
substances (Liebig obtained it also from horn, and 
Schaerer from the crystalline lens), b^ dissolving tln'in 
in a tolerably strong solution of potash, and ap{)lying 
an elevated temperature for a short time. It is thrown 
down from the clear solution by acetic acid. 

The secmid is prepared from albumen by a very weak 
potash-ley at a low temperature. It is not obtained 
from fibrin, nor probably from hair, as was proved by 
Tilanus (Scheik. Onderz., Deel III., p. 297), nor from 
horn. I do not venture to state in what manner a 
strong potash-ley produces anhydrous protein from sub- 
stances not affording the hydrate, by inejuis of a weak 
ley. If, for instance, horn and hair contain some oxide 
of protein, and the anhydi’ons fi'rin is obtained from 
them, they must have lost oxygen by the action of a 
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Stronger alkaline ley. Hopj, and leasts con^ 

tain no protein, but bi-oxide of protein (The*£!bemiiift?y 
of Veget. and Anim. Phygiftl., Tarf TWrd) ^ a<M a« 
they yield anhydrous jnrotein when treate4 with.a strong 
alkaline ley, de-oxidation must have taken place* 

Although I cannot explain this fact, still it is cer- 
tain, that substances which contain bi-oxide of protein, 
instead of protein, yield anhydrous protein when treated 
with a strong alkaline ley, at an elevated tenijierature. 

It is by no means unimportant which substances are 
selected for the preparation of protein. No one indeed 
could suppose that all substances containing protein 
would yield it in npure state, after treatment » with an 
alkali, and the addition of an acid to the solution. I 
have already stated elsewhere ^'he Chemistry of Vege- 
table and Animal Pliysiology", Part Thir<l), that neither 
horn nor hair are lit for fliis ])urpose ; and, without 
doubt, other substances will be found contai:|jpig pro- 
tein, from which it cannot be separated at all, at least 
in a pure state. It is neeessary here to point this out 
more ])articularly, that the fact may not be excluded 
from the science. 

In the first jdace, tlierefore, those substances are un- 
fit for yielding hydrate of })rot(*in which contain tlic 
bi-oxide, because — though they also contain protein, 
— they will yield a mixture of this substam'C with the 
bi-oxide. To this class belong born and hair, which 
will not yield protein pure, at least until we have dis- 
covered a method of separating it from the bi-oxide. 
The fibrin of blood is similar in this respect to horn 
and hair. I have, nevertheless, obtained protein froiji 
it, although in an anhydrous state. Schaerer has also 
obtained it. When a stronger alkaline ley is used, the bi- 
oxide may be converted into protein. This takes place 
when, from a large quantity of fibrin, only a small 

F 
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precipitate is produced. (Compare what has been said 
before, p. 60.) 

I have nottried whether the crysUlline lens, or gluten, 
or soluble tegetable albumen, will yield pure protein, nor 
under what form, — whether anliydrous or in the state 
of hydrate, — it can be obtained from these substances. 
Scheerer prepared it anhydrous from tlie crrystalline 
lens. (Annalen der Chemie iind Pharmacie, vol. xl.) 

T have obtained it from insoluble vegetable albumen, 
in a pure state, as I think, except, perhaj>s, that it may 
have contained a ti*ace of sulphur (Bulletin, 183S, 
]). 112). I have obtained it perfectly pure both 1‘rom 
casein and from albumen, cither anhydrous or as an 
hydrate, according to circumstances, as I have men- 
tioned above. 

It will henceforth, therefore, be a matter of import- 
ance in the preparation of j)rotein, to decide what su}>- 
stance fj^ould be employed, since the bi-oxide of pro- 
tein C*® IP^ (0 — 75*]2) has been found in seve- 

ral instances. This bi-oxide, like protein itself, is 
soluble in an alkaline ley of moderate strength, and 
may be precipitated from it by acids. Liebig asserts 
that he has been unable to procure protein possessing 
a constant composition; but this may partly have 
arisen from his not having thought it worth while to 
pay attention to the bi-oxide, Avhieh was first j)rej)ared 
ill his laboratory by Scheerer, whilst analyzing hair 
(Annalen, 1840, Octol>er), wdiich has bt'on more closely 
examined l)y Van Laer (Scheik. Onderz., l)eel I., 
p. 167), and has often enough been dwelt upon by 
myself. (Scheik. Onderz., Deel I., p. 550. — The Che- 
mistry of Animal and Vegetable Physiology, &c.) 

I have no doubt, however, that Liebig, on finding 
this bi-oxide of protein more frequently, will use it 
as an argument against protein itself, and thus obtain 
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a uew weapon for the roinbat. Ho is welcome to do 
so. If Ills r<'imirks are correct, I sliall be gTateful 
for them; but I myself am of (IJunioii that the fact, 
that (bi-oxide of ]>roteiii) may exist either 

with or witH^it an additional atom of hydroireii is a 
further confirmation of tin' existence ol‘ 0^" N'* 

(protein). (The roa-rler will remember that the diminn- 
tion of the equivalents of hy<lrogen by oik* is cmised by 
the difiereiice in the ecjuivalent weight ot carbon, which 
in my first exptn-imentS' was assumed to b<* 7b*437, and 
now 75-12.) 

It is a question of no small importance to determiiK* 
wdiat diflcreiice there may be in the com|M)sition of 
bodies free from sulphur, whicli are pre|>ared in accord- 
ance with the circumstances undt'i- which protein is to be 
expected ? I imain, on treating, for a short tinn*, a j>ro- 
tein compound with a pota5h-ley at an elevated Dnn- 
perature, what arc tli<* .sul)Stanc( s w ith which ])rott'in 
may be rendered inquire, or wliirdi can take its place 
This (piestion may be answcD’d with regar(l to fibrin, 
albumen from serum and from eggs, casoin, gluten, 
legumin, solubh' vegetable albumen, tlu^ cryslalline 
lens, hair, horn, whalel»one, and others. !>y answan- 
iug this qiK'Stion, an insight is obtained into laobig\s 
dilliculties, that is, tlie ditlV'reiH*<*s which 1 k“ has lonnd, 
or, I w'ould rather say, which 1 k‘ no/// liavt* tomul. 
The whole depends ujxni the inlbicnces wlilcli 1 equi- 
valent of water, or 2 ecjuivabrnts of oxygen, may (*xer- 
else upon its coinposithm. Hut none of the substances 
here mentioned prorlucc a precij>itate when thrown 
down from their solution in ])otash by acetic ac-id f)ther 
than nr H i pnuein (»r bi-oxlde 

of protein), or soim*thing betw-een these t.wo. 

If the temperature is not raised and the ]>otash-ley 
is so weak as merely to dissolve the suhstunces w ith- 
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out any excess of alkali, then the addition of acetic 
acid will produce a precipitate which scarcely differs 
from the original sul^stanccy which contains sulphur, 
and possesses nearly the same properties. In the same 
manner, these substances may be dissdlve#tn ammonia, 
and precipitated by an acid 

liiebig still persists in the opinion that a body which 
is nothing else than a mixture cellulose and vegetable 
albumfui, viz., his vegetable fibrin, has the same coin- 
[K)sition as another which may be dissolved in ammonia 
uu;iltere<l, and precipitated again by acetic acid : — viz., 
«aniinal all>um(*n. Aii<l y<‘the now asks, not liiuisclf, as 
lie first ought to remove this chemical nonsense from 
the domain of science, Imt s<»mo one else, to reconcile 
differences which exist in the prccijiitates from tlie pot- 
ash solution; difiicultios of which the chief causes have 
long ago l)eeu (‘xplaiiied by Scheei-er, Van Laer, Van 
Kerckhoff, Tilmins, and Von Ihunnhaner, in theij- 
treatises ujion hair, liorn, whalchone, and vitellin. 

But whateviu* [irecijiitate we may oljtuiii from any of* 
the above meutioiuMi siihstnnces, it will always be a body 
free from sulphur, which will possess the main ])roper- 
tics eitlier of protein or of hi-oxide of |)roteiii, or of tliese 
two substaiices mixed, pro\ ided the action of the alkali 
has not continued too long. \\ e have gradually learned 
which suhstances may be most advantageously used, 
iUid which avoided, and under what circumstances they 
must l>e treated wdth the alkali. If Inidjig will not dis- 
tinguish, if he will not notice what is written, then I ask 
him at least to make hotter investigations in this oli- 
scure, this dijjicult part of science. A man w ho boldly 
attacks me w ith the assertion that every protein com- 
pound wdicn U*euted with potash under every circum- 
stance ought to yield [>rotein, must liave thought him- 
self above reading w hat w as printed on this subject, and 
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has not s(‘rii[>hHl to cast a random difficnlty in tlio way 
of another, that by lessening him he might exalt him- 
self. Such conduct, in my opinion, is opposed to mo- 
rality. 

The </#m/l4ubstaiice UKuitioned in our list has not 
been discovere<l. 

The fourth. According to \"o!i Hauinhauor (Scheik. 
Ondcrz., Deel II., p. 2011, the sub-stances which 1 have 
formerly descril)ed un<lrr the n:mu‘ el* bi-oxide of pro- 
tein, and represented by the formula ((’=75d2) 

pid li "*' ( jO 

must now b(‘ (Considered as 

11 "*' N'"* o. 

It is difficult, in the analysis of these bodi^’s, to bf» 
eertain about 1 e<|ui valent of hydrogen, f^ibrin <‘onlaius 

(.4. jj.u ^ jj 

The fifth substance can 1 k' obtain«‘<l trom liair and 
horn, l)y first i)r(‘ci|utatiug [»rotein with a little a(a*tic 
acid, filtering the Ii<juid, and then adding aiauic acid iii 
(excess. Tli(‘r<* is so gr«\it a dilf'cnMice b<‘tw(*(‘n tlu' 
(juantities of the acid tliat ai*e requii'cil for producing 
thes(‘ two ]>nM ipitat<‘s, that tuen* need be no fear of an 
int(U‘inixture of tin* one with the otluu*. Hesides, pro- 
t(Mn is solul>le in an (‘xc(‘ss <»f ac(‘tic acid. 

Another mode of |>n*paring this substance is to boil 
fibrin in water; tlie whole or th<c great(cr part of the 
sulphur is then separated from tin* organic combination 
(Scheik. Onderz. Heel TI.,^l*art Third ). I do not vauitun* 
to decide whether the sulcstance that exists in vitellin, 
and ill a soluble state also in serum of blood, ludongs 
to the fourth or fifth of the above substances. 1'his 
|>oint requires farther investigation. 

Should laef»ig now deny that tliese bodi(‘s exist, 
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because (liffefeiices occur in their several properties 
(Apnalen, January 1846, p. 130), I ask him to shew 
what difference there is in the properties of the present 
substance, o})tained by different methods, both from 
hair and horn. But if he still denies that they belong 
to the class of bodies which is represented by the for- 
mula 

C 40 iizo -^6 QU ^ Q2 (C= 7rrl2) 


a class which, althoiigli closely related to protein, is 
yet different from it ; — if he denies that there are several 
bodies of this coni 2 )osition, of which the several proper- 
ties are diverse, like, for instance, those of cellulose and 
mucilage ; — it is for him to adduce proofs in supj)ort of 
his oj)iiiions. I myself have drawn attention (The 
Ch(unistry of the Vegetable and Animal Physiology, 
p. 303, note) to the sulphur that is i)rcscnt in vitellin, 
as shewn by Von Baumhaiier’s experiments, and yet 
I do not liesitate to consider vitellin, although it con- 
tains sul|)hur, as having not the Ibrmula of protein, but 
either, 

C40 ipo ^6 N5 + l H O. 

■if 

In the same manner fibrin, according to my more re- 
cent investigations, contains, = 

+ H 0 (0 = 75*12). The presence, therefore, of sulphur 
in the precipitate, obtained by adding carl>onate of am- 
monia to a solution of fibrin in hydrochloric acid 
(Liel)ig, in Aiinal., January 184(5, p. 130), — a fact which 
I have never denied, — proves only that the j)rccipitate is 
not pure oxide of ]>roteln, iiot that it does not con- 
tain it. I therefore still call this body oxide of protein, 
but add at the same time, that it contains sulphur. I 
shall return to this substance below. Idebig would 
havt‘ done goovl service, had he enlarged our knowledge 
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of these substances ; “ for/’ as I have said in my work 
on the Chemistry of Veg. and Aninuil Physiology^ 
‘‘ that knowledge is still in its infiiiiey/’ But these 
substances cannot be made to disappear by mere ver- 
bal controversy. 

It IkS remarkable, that Liebig, who heretofore has 
insisted upon the identity of all these substanees, and 
who would not even hear of the ])resencc of sulphur, 
should now choose to refuse the luiinc of oxide of j>ro- 
tein to a body, preci[»itate<l by (*arbonate of ammonia 
from a solution of fibrin in hydrochloric acid, V)ecause 
it contains some sulidiur. lie is now right, so fur as 
he repeats what Von Baumhauer and Tilanus have said 
about vitcllin and horn (Sclieik. Onder/., Deel III., 
p. 287 and 307 ). He might hav(» seen, from the analy- 
tical results of these chemists, that when communioii- 
ting my fornnu’ investigations of the preeijiitate from 
the solution of fi1>rin in hydrochloric acid, I could not 
have meant that it contained no sulphur, but merely 
that I had not tluni determiiUHl it. 

The composition of hbrin being; now better under- 
stood than before, I must modify my former statement 
resjiecting this precipitate, viz., that it is ]>rodueed i>y 
tlie absorption of oxygen from the air. I shall pre- 
sently eiupiire whether it eontain the same <|nautity of 
sul}>hiir as, according to T/udiig, librin contains (Au- 
nalen, January 184(i, p. 131). 

The sia!^th substance is still unknown. 

The seventh is obtained by heating chlorite of pro- 
tein wntli strong caustic ammonia. It is coloured like 
anhydrous protein, when it is prepared from hair. 

The eighth substance is colourless, and is obtained 
either by boiling fibrin or albumen in water, or from the 
inflammatory coat of the blood (Scheik. Onderz., Deel 
I., p. 567, et seq). It may be prepared in large quantity, 
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by j)ouriiig very weak ammonia upon chlorite of pro- 
tein, when still moist. The chlorite is dissolved, and on 
evaporation to dryness and digestion in alcohol, this 
substance is left (Bulletin, 1839, p. 404). If pre- 
pared by boiling fibrin, albumen, or the inflammatory 
coat, it must afterwards be heated with alcohol, in order 
to dissolve an extraneous substance with which it is 
mixed. It is oTitained in an insoluble form from horn, 
by means of acetic acid (Tilanus, in Scheik. Onderz., 
licel III., p. 307), and also from chlorite of horn, pre- 
pared T)y ammonia and acetic acid (Tilanus, ibidem^ 
p. 310). 

After tlies(^ details, it will not l>e considered super- 
fluous to mention a few particulars respecting casein, 
albumen, and fibrin. Our knowledge of these sub- 
stances, however, advances slowly. 

VII. On Casein, 

When cow’s milk is coati^ulated l)v the ad<iition of 
ac<>tic acid at an <*levated tem[)f*rature, filtered, and 
the curd washed with dilute hydrochloric acid to dis- 
solve the phosphates, the li<juid that passes through, 
when treated with carbonate of ammonia, yields a pre- 
cipitate which is mixed with an organic substance. 

Wlum the curd that remains on the cloth is washed 
with watc'r for some time, it gradually dissolves. If 
mixed w ith a large quantity of winter before it acquires 
a gtdatinous appearance, being nearly freed from acid, 
and then digested at a temperature of 95° to 104° F., 
it is completely dissolved in the space of two days. 
The butter floats on the top, and can be removed. 
When the liquid is passed through a filter, it becomes 
perfectly clear, and on the addition of a very srnall 
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quantity of carbonate of ammonia, yields an abundant 
precipitate. After this has been separated l>y filtration, 
and liydrocliloric acid is added to the liijiiid, a second 
precipitate is produced, which differs from the first, 
and has all the properties of hydrochloratt^ of protein 
(Bulletin, 1839, p. 21). The hydrate of protein, which 
T have now found free in this substance, has been 
pointed out l>y me beiore. 

The first pn'cipitate may not only be obtained by 
carbonate of ammonia, but also l)y water, or by an ex- 
cess of hydrochloric acid It is dissolvt'd in an excess 
of carbonate of ammonia, an<l is thrown dowui again by 
the addition of jicetic acid. 

The second precij)itate is soluble in w^ater, and must, 
on that account, be washed with alcohol, like the hy- 
drochlorate of protein. 

According to these experinumts, tlier(dV>re, milk con- 
tains thn‘e different substances, which, after its coagu- 
lation, are soluble in dilute hydrochloric acid, at the 
temj)erature generally (‘inployed for. digestion. The 
first of these substances has not been further (\Kamined ; 
the second is probaldy the integunumt of tin' milk-cells. 
It w^as not necessary to render this insolubh* by acetic 
acid and lu'at, because it was insolu)>lc of itself, and 
(‘ontained the butt<u\ 

The third substance exists in milk in a soluble state, 
and can b(‘ coagulat(‘d by means of dilute acids au<l 
heat. It may also be rendered again soluble. 

The precipitate produce<l by hydrochloric acid is 
transparent when dry ; that ol>tained by carbonate of 
ammonia is wdiite and j)o\^dery. The former contains 
hydrochloric aci<l.* 

^ The separation of the butter after churning, consists in its ♦ iiiiH- 
sion from the cells in wliich it is enclosed ; whilst the separation of the 
cream is the rising of the cells to the surface. 
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The substance obtained from casein by precipitation 
with carbonate of ammonia, differs from another body 
obtained in a similar way from fibrin and the albumen 
of eggs. When fibrin from ox-blood, newly prepared, 
is treated with dilute hydrochloric acid, it instantly 
becomes gelatinous, and is dissolved. From the solu- 
tion, carbonate of ammonia throws down an abundant 
preci})itate, which is soluble in an excess of this re- 
agent. Water does not precipitate it, and, conse- 
quently, it differs from the substance found in milk. 
When this precijatate is separated by filtration, and 
hydrochloric acid is added to the clear liquid, nothing 
is thrown down. 

Filirin differs, therefore, from the two substances 
that are present in milk, and are coagulated by acetic 
acid. 

Alter fibrin has been kej>t in alcohol for some time, 
and is then digested in hydrochloric acid diluted with 
very little water, it is not dissolved. Fibrin, there- 
for(', is changed by the action of alcohcj. 

Albumen from eggs is also insoliilde in dilute hydro- 
chloric fici<l. Small ])ieces of this albupien, which had 
been thus digested at OS'" — 104^ F., wdthout being dis- 
solved, became soluble in the same liquid on the addi- 
tion of a small portion of a. jug’s stomach. Neither 
water nor strong hydrochloric acid cause a precipitate 
from this liquid; but carbonate of ammonia produces 
one in large quantity. When this is sej)arated by filtra- 
tion, and the clear liquid treated with hydrochloric acid, 
no preeijntate is thrown down. The substance, there- 
fore, which is present with the casein, is here also 
wanting. Casein, therefore, as far as it has yet been 
examined, must consist of three different substances, 
whereas fibrin and albumen have.not yet been shewn to 
be mixtures. (Sec p. 08.) 



TESTED BY MORALITY AND SCIENCE. 


91 


Dumas asserts (Comptos Renclus, 29th September 
1845, p. 717 ) that the butter is enclosed in cells. He 
founds this assertion on the following experiment. 
According to him, milk, when shaken with ether, does 
not yield any butter ; Imt if it is previously boiled with 
acetic acid, ether extracts from it the whole of the but- 
ter, and the milk which is separated is now no longer 
white. If any one will repeat this experiment, he will 
find the result to bo different. When ether is slniken 
with milk it takes out a great ]>art of the butter. This 
is, how’cver, no proof that the butter is not enclos(Ml in 
cells, as has alread} been remarked by Houle, in his 
Allgenieine Anatomie, p. 943. 

When milk is saturated with common salt, the serum 
may be filtered clear, holding in solution cas<‘in, milk, 
sugar, and salts. The milk globules nunain upon the 
filter. After ]>rotracted washing with a solution of 
common salt, Dumas still found une mntihre mnimse 
assoclee au bearre de cea ylohules, et consr^juf'rmmmt inn 
soluble dans Veau saleJ^ 

On repeating this experiment, my results wTre as 
follow^ : — Milk is mixed with im excess of common 
salt, and the liquid filtered ; it comes throu^jli clear. 
The milk globules on the filter are wuhIkkI with a sa- 
turated solution of common salt. 

Hydrochloric acid causes turbidity in the liquid. 
When filtered and heated, u large ])r(!ci|>itate ajijiears 
again. Milk, therefore, contains substances of the jiro- 
tein class ; one of tlieWk remains u[)on the filter, and 
the two others pass through it. The last mentioned 
substance, however, I have not invariably found ; on 

* According to Diunas, casein should now contain — per 
rent, of nitrogen, 1. c. p. 710. I have thought it unnecessary to repeat 
tli’iK experiment; this result, as well as that from fibrin, is owing to an 
error in the analysis. 
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re[»eating the experiment, I could not always obtain a 
precipitate by heating?. From the liquid, which was fil- 
tfTcd j>erfectly clear from the cream, a. precipitate 
was thrown down by hydrochloric acid. When again 
liltered clear and heated, it was not at all, or scarcely 
at all, disturbed. 

The snow-white precipitate produced by hydro- 
chloric acid, was not <*.omj)Iete]y soluble in carbonate 
of ammonia and water. On filtration, however, the 
ijuaiitity which remained upon the filter was too small 
for exaniination. Its colour was ixrev. 

When the clear and more or less c<)loure(l liquid 
(which passf^l very slowly through the filter) was 
mix(Ml with a little alcohol, a perfectly white precipi- 
tate a]>peared. A very considerable quantity of alco- 
hol could 1)0 added liefore any further ])recipitate ajv- 
pean‘d, but at last a very large ad<litional quantity was 
tlirown down. 

What has becui calle.d casein, therefore, consists of- 
several <lifi\‘rent substances. Profi*ssor Schlossberger, 
who has made ])reliniinary mention of some of those 
facts in the Aniialen der (Jheiiiie und Pl^inacie, April 
184(), p. 92, is engaged in the further investigation of 
them. 


VIIL Of Albumen, 

All)umen, like casein, requires a closer investigation. 
Hitlu'rto no one has end(‘avoured to separate it into 
dissimilar constituents, and y<'t it is possible that such 
are contained in it. 

As regards the quantity of sulphur in albumen, 
Liebig wrote nu' in the before mentioned letter, that 
my determination was entirely incorrect. Six times as 
much he rep<\atcd) as I had fouml, had been 

discovered in Giessen. All the determinations of sul- 
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j>har in nil the organic suVistanees, which I had ex- 
amined, were 

I will take tliis opportunity to refer to what I have 
formerly done on this subject, and what I have said 
about the sulphur. 

In the first place, I have been accustomed tooxidisi* 
the organic matter and snl|)hiir with nitric acid, and 
then to add chloride of barium. It a|)j>ears that th<^ 
sulphur, which is present in these bodies, is callable of 
being oxidised in this manner; but the (juestion is, 
whetlnu* the whole of the sulphur can tlms be oxi- 
dised ? This (juestion has b(M*ome one of im[)ortanc(^ 
since Redtenbaclier has made his investigations on 
tanrin. 

I found by this method (Natuur-en-Scheikundig 
Arcliief, IS3S, p. ,87), in albumen i’rom s(*nim 1*00 — 
Od;9--0*78~0-74-^0-72--d-74«-0*.S3 jht c(*nt. of sul- 
phur. The <[uautities were' dillVrent, acconling as eohl 
or hot water was us(:fd in digesting the albumen. 

Albumen from ( 3 ggs gav<? of sulphur, ()'7o — 

~ D'oO— 0*49 — 0*43 — 0*42 ; the diirerences arising from 
the same caii|^ 

I determini^ the sfilp/iurlc arid of the i^alidiates that 
are pivseiit in albumen, by dig(*slingit in hydrochlori<^ 
acid, and adding to the solution ehloibh* of barium. 
This sulphuric acid 1 auhtrarted. from that obtained in 
the whole albumen, and inii*o<luced in the ])ul)lished 
formula* the sinallest proinrrUoa of sul]>hur ainoug 
those mention(*d above. I concluded by saying, at 
the? ]>lac(i meiitionerl in tln^ Archief of 1838, “I his pro- 
portion of sulphur — the mean of 0*4f) jier cent., which 
I introductKl into the result of my analysis of albumen, 
— is not the same as that whicli exists in the white 
of eggs. During the operation, jiart of the sulj)hur 
has been removed, the sulphur thus determined^ therr^ 
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fore^ is not the whole quantity. The white of eggs has 
an alkaline reaction caused by the presence of soda, for 
when eggs are boiled in the ordinary manner, sulphuret 
of sodium is separated. Silver, placed in the white of 
eggs before it is coagulated, does not blacken, but it 
blackens as soon as coagulation has taken place. This 
is known to et^ery me who has eaten an egg with a silver 
spom.’*’* (This I wrote in 1838.) 

This shews, therefore, that I have calculated in my 
formula only the quantity of sulphur which was^ left in 
the white of eggs after coagulation, digestion in water, 
and subtraction of the sulphuric acid of the sulphates. 
This certainly was an error, but one which all others 
had up to that time committed along with me. No one 
understood at that time the condition in which the sul- 
phur of these bodies existed. I endeavoured to reduce 
its proportion to a minimum, and therefore I burned 
the albumen with oxide of copper. 

If my maximum is now assumed, Liebig ought to 
shew the presence of 4*5 per cent, of sulphur in the al- 
bumen of the blood ; l)ut if my minimum, he has to 
make up only 2-o2 per cent. “ It (in)|j|ptermination) 
must be six times greater.'’^ h]xj)erience will shew who 
is nearest to the truth. 

I must not omit, however, to remark, that, in the 
determination of sulphur, by means of nitric acid, re- 
sults are obtained which are a little below the true pro- 
portion. Owing to the rather large quantity of nitric 
acid which is employed, a little of the sulphate of 
baryta is held in solution. I, therefore, acknowledge 
that the quantity of sulphur, as rei)resented by my de- 
termination, is somewhat too small. We do not yet 
|)ossess a proper method for determining such extreme- 
ly minute quantities of sulphur. Redtenbacher, vrhen 
detennining its proportion in taurin, obtained differ- 
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ences in his results, which are almost as great as the 
whole of the sulphur that is present in the substance 
in question, for they amounted to 0*8 per cent. 

When the method of burninjr in a mixture of nitrate 
and carbonate of potash is employed, the quantity of 
sulphur obtained is larger ; and I willingly prefer this 
method, although it may an<l must still be improved. 

1-316 grms. of albumen from sheep's blood, exhausted 
by cold water, and dried at 26(>"' F., gave 0-102 sulphate 
of baryta, equal to 1-07 per rent, of sulphur. 

In my former experiments, the maximum was 1*00 
per cent. ; the minimum 0*69 per cent. 

1-141 grins, albumen from eggs, washed with cold 
water, and burned with nitrate and carbonate of j>otash, 
yielded 0-10j5 sulphate of baryta = 1 -27 per cent, of sul- 
phur. My forme%cxperimouts gave 0*75 and 0*66 per 
cent., when the albumen was wasluKl with cold water. 
This is certainly a considerable dilbu-oiua^, great enough 
to demand attentive consideration. 

Admitting that the jirocess of burning with nitn' and 
carbonate of potash yi<dds an amount of sulj)haU^ ol‘ 
baryta greatej||jthan that obtained on decom[H)sing tlx? 
organic matter by nitric acid, — because the solution 
being only slightly acid, less sulphate of baryta, will ))e 
held in solution than when nitric aeVi is (‘inployiMl — 
still this explains neither the ]u*esent dillerenceH in my 
determinations of sulphur, nor those in my former ex- 
periments. 

This has leU to a new examination of albumen, from 
which it ap]>ears, that as it exists in eggs, and is pre - 
cipitated by alcohol, it must eitlxT be acoinpb‘x body, 
consisting of, at least, two different substance's f ontain- 
ing sulphur, or that it must contain a very largf* quan- 
tity of sulphates. 

Albumen, obtained by coagulation, in Mhich state 
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we have hitherto analysed it, consists partly of protein, 
fermcd by the action of carbonate of soda (derived either 
from the serum or from the liquid in the egg) upQii com- 
binations of protein with sulphur. Small differences in 
the proportion of the alkali cause equivalent differences 
in the (pnintities of protein produced, and in the sulphur 
whicli forms sulphur(?t of sodium and hyposulphite of 
soda. After all)iimen has been coagulated, therefore, 
it does not contain a constant proj)ortion of sulphur ; 
and this sulphur partly belongs to undecomposed albu- 
men, partly to the hyposulphite of soda, and partly to 
the sulj)hite or sid])hato of soda produced. 

The subj<‘et of allnimen, therefore, requires an entire 
revisal, esj)ecially since mo know that it consists partly 
of protein. The investigations that I have commenced 
on this subject are not yet suffici^itly advanced for 
publication ; but I may giVe this ]>reliminarv notice, 
that that portion of the albumen which can be united 
to oxide of ('opper, on being burnt with nitre and car- 
bonate of potash, do(‘snot yield mon^ than 1*3 per cent, 
of su]])lnir. The salt of co]>per mentioned below was 
prepared in the following maniu*r in^wo successive 
operations. 

Albumen was mixed with wattu’ and the licpiid fil- 
tered through paper. Neutral acetate of copper was 
then added, the precipitate washed with water, and 
dried at 2(id° F. The salt, which had a dark <rre(ui 
colour, was burne<l with nitre and carbonate of potash, 
dissolved in weak nitric acid, and the solution preci- 
pitated with chloride of barium. 

I. 1*908 grins, grive, after combustion, 0*049 of inso- 
luble residue, which was oxide of copper, &c. ; 1*8 gr. 
gave 0*187 of suljdiate of baryta; 2*492, from the same 
preparation, gave 0*200 of sulphate of baryta. 

II. 1*930 grins, of the second preparation left 0*000 
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oxiile of copper, &c. ; 1*370 yielded 0*li33 of sulphate 
of baryta. 

This, therefore, indicjites the |)roj)ortioii of sulphur 
in two portions of the orijanic substance combined with 
oxide of copper, to be 

I. JI. xMean. 

1*3? M.‘i 1 1*30 

There is no reason here for any otlier assumption 
than this, that the albumen, or the part of it that can 
be united with bxide of copj^er, contains 1*3 per cent, 
of sulphiir. Now albumrn. which hid lost part of its 
sulphur by c<.mgulatic n, wdien buriKMl with nitre in the 
same manner, had }delded the same j)roportion of sul- 
phur, and therefore a close investigation was necessary 
to determine which substanc(^ was tlie caus(^ of tlie largo 
proportion of sulphur in thc^ coagulates] albuimm. It 
was proved that this substance*, under tin* (‘ircuin- 
stances, could not be combiin d with oxide* of copper. 

At present I cannot give any further information on 
this subje^ct, but I think 1 have n*asou to bern*ve that 
the body which wo now call album eu^ contains 1*3 per 
cent, of sulphur. While, therefore, Ia(*big asserts, that 
the (piantity of sulphur which he found in albumen 
amounts to 2*52 or to 6 percent., — I allude to my mi- 
nimum and maximum, — 1, on tin* cofitrary, hold, that 
albumen contains only 1*3 per cent, of sul|»hur, but that 
a further account must lx* gi^ **n of tin* arlditional <|uau- 
tity which is also proMUit in the albumen of eggs, and 
in the serum of blood, Tnv(*.stigations on this sul)- 
ject, however, have Ixjen cfunmenced, and an account 
of them will l>e given at a future period. I myself, 
in 1838, drew attention to the imperfect method hy 
which my determinations of .sulphur wen* then made, 
and every impartial man who clioso to oppos<» them 
ought to have ju’ociired the r,rigiual memoir, that he 
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might see what I myself had said upon the subject. It 
is only now that I have distinctly satisfied myself 
that boiled albumen consists partly of protein, with 
sulphuret of sodium and hyposulphite of soda, both of 
which can be washed out — partly of hypo-sulphurous, 
sulphurous, or sulphuric acid, combined with protein, 
which are left behind unchanged, — and partly of un- 
altered albumen, or perhaps of one or more substances 
containing sulphur, which are coagulated along with 
the albumen, and are not precipitated by acetate of- 
coj)per. If, now, Liebig determines the whele of the 
sulphur together, then, although obtaining much more 
than I did, his results are no better than mine were 
eight years ago. This, then, certainly cannot be called 
an enlargement of science. 

Albumen, therefore, like casein, is probably a com- 
plex body ; and should this view be confirmed, then 
there is an additional ground for doubting the similar- 
ity between animal and vegetable albumen, which Lie- 
big, without ever having mentioned, and without being 
able to adduce "exi)eriments in support of his belief, has 
boldly asserted to /x? absolutely identical, even with re- 
gard to the projtortlon of mlplmr that they contain. The 
serum of the blood contains a larger quantity of sul- 
phuretted substarices than albumen. When the serum 
is coagulated, protein is produced, and a certain vari- 
able |>roportion of sulphur is separated, which remains 
behind in the state of hypo-sulphurous acid, free sul- 
phur, &c., and is either combined or mixed with the 
protein. 

We know, then, regarding the constituent of eggs 
which can be combined with oxide of copper, that it con- 
tains 1'3 per cent, of sulphur. But this is the limit of 
our knowledge on the subject. The albumen from the 
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serum of the blood must include the white blood corpus- 
cules, the products of globulin, and }>erhaps also casein. 

I repeat, therefore, that we advance slowly in the 
knowledge of these bodies, but that hitherto we are not 
indebted to Liebig for any addition to that knowledge. 

What we know of the way in which protein is pro- 
duced from albumen and other substances, by the in- 
fluence of a weak alkaline solution at a certain tempe- 
rature, opens a new field of inquiry as to the influence 
of temperature on warm-blooded animals, as to the pro- 
portion of alkaline salts in their blood, and as to the 
]>rod action of hair, horn, and other |)rotein coinpounds 
that contain much sulphur. If in the human body 
at about 100'" F., through the influence of the alkali 
in the serum of the l)lood, a ))art of the sulphur sepa- 
rate from the substance which produces albumen or 
fibrin, — then there will Ite afU uninterrupted produc- 
tion of protein in the blood, as long as any alkali re- 
mains uncoinbined. T hope to resume the subjf^ct on 
some future occasion. 


IX. Of FUtrhi. 

In my first analyses of fil>rin, I ol^aiued less carbon 
than ill my last. I shall here transcribe' the' re'snlts 
of these analyses, which are published in this BnHe'tin 
of 1838, p. 107 (0 = 70-437). 

C 53*40 53*37 53 20 53-48 52*98 

H 6*83 6*84 6*95 

N 15 40 15*47 15*72 

I rejected these results, however, and prefe'rred those 
of another analysis (Bulletin, 1838, p. 108), viz. : — 


C 54*46 
H 6*9# 
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I thought the latter result might l>e regarded as re- 
presenting the true composition, because I had mixed 
oxide of lead with the oxide of copper, and thus facili- 
tated the combustion of the phosphoretted and sul- 
phuretted sul)stance. Consequently, I assumed fibrin to 
1)0 represented by the formula (C== 75*12) — 

10 N® O'®) S Ph 

Has Liebig, in analysing a substance, never obtained 
vnrions results ? If necessary, I miglit com})are all 
those which he has made together. At present, I shall 
confine inyself to quoting those regarding tJinnic acid 
from the salt <>f lead, from which he has calculated the 
composition of the acid (Aimalen derChemie und Phar- 
inacie, vol. xxvi., p, 130). 

^Tanqic Acid. 

I’er Cent. < '»Iculated. Per Cent. 

56*78 21*09 58*84 

.‘V08 0*85 2‘62 

40*14 13*81 38*54 

64*15 

If anotlier (obtains differences in his results to a nni(‘h 
smaller ('xtent than these, he is branded as a clumsy 
exptu’imenter, but Lic'big allows himself to make an 
(u*roi* in the carbon of upwar<ls of two per cent. When, in 
the latt(T part of last year, I made some ultimate ana- 
lyses, in concert with my friend Professor Schlossberger, 
we also analysed a (piantity of fil)rin, that was as white 
as linn', and we then obtained results corresj)onding 
with my first, as follows: — 

Per cent, of ash z=l*ll. 

0*629-6 == 0*623 gave 1*2035 carb. acid, and 0 3SS5 water. 

0*(>63 - 6 = 0*657 gave of nitrogen 

55 cub. cent. I*c1bre tlie cx],»eriment at 55'S.50‘' and 747*7 inillim. 

139 cub cent, after the exp#iment at 50*7 and 749*4 millini. 


Found. 
C 20*541 
H 1*110 
0 14*519 

Pb O 63*830 
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c = 

70*437 

0= 75 12 

c 

53*54 

52-00 

K 

0*93 

0 93 

N 

15*51 

15*51* 


It ?ip}ieai\s, tliorefore, that too nuich oarhoii hacl hoon 
obtained in my last analyses (]). arising idther 
from a lari^er qiiantity heini»‘ really eontaiinMl in the 
snbstanee, or from an error of analysis. 

On repeatini* the analysis onee more, I found 

0'330 yielded 0’003 of ash. 

O’jOi — 5 z= 0 4!)9 gave 0'93? of earb. avid, and 0'309 of water. 

C 52-30 
H G-8S 

I was, therefore, mistaken in rej(‘etinL^ my first five ana- 
lyses, in favour of one which 1 mad(‘ later, and I feel 
ha|>py that this (MTor is corr(‘<*ted. 

Fibrin nmst, eonsetjuently, be reinf)ve(l from the class 
of SMbstanees containing |>r(»tein, and classed among 
thos(‘ which contain (nxirle of prott'in. Dninas and (\a- 
honrs (Ann. <Ie Oliem. et de 11iysi(im*, tenn*. vi., p. ) 
obtJiined less carbon, but more nitrogen from tiln in than 
from albumen. As to tin? first result, therefoif^, they 
are correct, as to the laton* im'orrect, Fhev found 

(C-To.) 


C 528 525 

52 7 

52*7 

52*7 

H 7-0 7-0 

7*0 

7*0 

0*9 

N 16-5 16-5 

10 0 

10-0 

10 5 

We also perceive that the 

aiialv? 

>es <»f fibrin made l>y 


fScheerer (Annalen, 1^?41 j are incorre< t as n*gards the 
carbon. They gave (C = 7b’437.) 

C 54*45 55*00 54*9s 

H 707 7-2J 0-7 

N 15*70 15 82 15*0] 

They have alrea<]y Ikh'II eumiuuiii(rat^p]»y 
fler (aieinio un*l Pharinaeie, April 1 -40, j». i»5. 
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[t is clear that these results do not affect the charac- 
ter of fibrin^ so far as to remove it from the protein 
class. Still it now appears to be a peculiar body. In 
order to become more accurately acquainted with it, it 
was necessary to repeat the determination of the sul- 
jdiiir, as I had done with the albumen. I will, how- 
ever, first mention wliat T had l>efore found. Fibrin, 
in the state in which I subjected it to an ultimate ana- 
lysis, viz., exhausted liy warm water, yielded only 
0*34 per cent. fd‘ suljdiur, whilst it gave 0*63 |)er cent, 
when treated with cold water. My former experi- 
ments are as follow 

Fibrin digested in cold water, and de(*omposed by 
means of nitric acid, gave 0*()3 pc'r cent, of sulphur. 

Digested in warm water, and subsequently in alcohol, 
it yielded by the same j>ro(,*ess 0*34^0*37 per cent, of 
sul|)hur ; and digested in warm water, but not in al- 
cohol, it gave ()*50 ]>er cent, of sulphur (Nat. en Seheik. 
Archief, 1838, p. 03). 

I therefore calculated the per-ctentage of sulphur as 
0-30. 

By the process of burning with nitre and carbonate 
of jiotash I obtained from fibrin, afttu* being washed 
with cold water, and drie<l at 2()(r F., the following 
results : — 


O-ObC fibrin from ox-blood gave 0*048 of sulphate of baryta. 

1*05:? of another kind of fibrin from ox-blood gave 0*158 sulphate 
of baryta ; that is in 100 j)arts, 

0*96 1*12 

In this case, also, I obtained more l)y burning with 
nitre than by decomposition with nitric acid, and I 
consequently admit that I have represented the sul- 
phur in fibrin as well as in albumen by too low a figure. 
Although I had heforc^und 0*f>3 and 0*50 per (’eiit.. 
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yet I had assumed the smallest per-centage, but even 
taking the largest quantity, the nitric acid process 
yielded too little. This method should therefore be 
rt^jected. 

It was an error to ap[>ly it here, sinc(' a small differ- 
ence wa.s of much importance. But did not I share in 
this error with the niost oxperien<‘ed chemists ? Would 
not every reasonable and honest man naturally hav(' re- 
course to the defective method? Must it be called a fahe 
result, if a method, that is generally c()nsid(‘n'd as cor- 
rect, produces a quantity that is somewliat too small ? 
In this case almost allthedeterminations t>l hydn>g(‘n in 
organic analyses are fahe,, for we lin<l in nearly f'very 
instance more than the substance actually contains. 

The method of burning with nitre and i*arbonatc of 

potash cannot, In'cause of^its defects, Irad to an entirely 

correct deterininatiou of the sulphur. Thus our new 

determinations lire again false. The extremes which 

RiHltmibachei* (d)tained from taurin, were 25*!)!) and 

25*20 o? sul[)hur, which is a diff(*reuce of 0*70 per cent., 

apj>roaching to the entire quantity i)r(\S(uit in librin 

(Annalon der Chernie und Pharmacir, February 1S15, 

p. 172). I shall not call these results false, but, on the 

contrary, I consider Redtenbacher, as every one else 
* • ® ^ 
do<^s, to l>e an excellent exj>erimenter. 

I, however, committed an error in this case, liecause 
in my former analyses of fiorin, as in those of albumen, 
I not only mention the lowest quantity of sulphur that 
I found — the whole of mv determinations, however dif- 
ferent, were published, — but also it in the for- 

mula. 

But we are still U) decide the question, what place 
must be given to fibrin in the class of tin; |•rot<dn com- 
pounds? While assuming 7.5’12 as theeqnivalentweight 
of carbon, we cannot at profit represent it as regards 
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the carbon, hydrogen, nitrogen, and oxygen, by any 
other formula than, — 


AtOllIK. 

Calculated 

G 

40 

52-88 

H 

3J 

6-84 

N 

5 

16-60 

0 

14 

24-68 


The Kinall difFereiice between the proportions of car- 
bon found and calculated is made up l^y tin' (piantity 
of sulphur and j)hos|dionis jiresent in the fibrin ana- 
lysed. The coin|)osition of the substance in the state* 
in which it was analys(*d — probably its normal condi- 
tion — was (0 = 75-12). 




Found. 

c 


52^66 

li 


6*93 

N 


15'51 

0 


• 23*53 

s 


1*04 

Ph 


0-33 


The formula, therefore, which I formerly gave for 
j>rot<.un reejuires modification. I must leave undeter- 
mined in what state the phosjihorus is contfiined in it. 
Neither shall I endeavour to give a more correct ex- 
planation of the condition in which the sulj>hur exists 
in fibrin, because I, cannot adduce any proof in suj)port 
of it. But since the sulphur of fibrin, like tliat of al- 
bumen, is comj>letely eliminated when the substance is 
proj)erly treate<l with potash, ami since, nevertheless, 
a group of th(' four elements (C, H, N, and O), which 
admits of being represented by the formula N'"’ 

O^'), may 1)0 precipitated from the solution, the sul- 
phur must, in a })art of this substance, take the place 
of oxygen. As an example of one way in which this 
may be explaine<l, I off‘er the following scheme 

7 N*’ 0‘^) 4- 3 (C*'' S) 
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The sulphur may he in a similar coiulition in alhu- 
men. I have given examples ot* similar formul.T in 
the cases of horn, hair, and whalebone — (Tlu' Cluanistry 
of Vegetable and Animiil Physiology). I hop(' no one 
will 8U]>[)ose that I regard this formula as established. 
I myscdf would hav(i to ask, wlnua^ I had obtaiiKvl any 
certain proof (d‘ its accuracy. I w\;ote in tie* j>lac(N 
quoted, “that our knowledg<' of thes(‘ substances is 
still in its infan< y.'’ 1 should feed grateful to any one 

who would advance that knowledgi*. It must th(M*efore 
bo from the substance indicated by the s<‘cond ]>art ef 
the above formula, that the protein obtaini'd by means 
of potash is derived ; whilst that which is repres(*iit(*d by 
the first part is probably h<‘M in solution, and cannot 
be [>recij)itated by acetic acid, Imt l»y chloi’iiu' alone. 

AlbiiUKUi, of which the formula must also lx* altered 
in consequence of the iucntisc in its pro|>ortioii of sul- 
phur, is possibly composed of two other groiq^s, r(‘gard- 
iilg which 1 hope t<» give an account at a future 

The production, therefore, of fibrin from albunnm, 
and from other bodies which contain the substance ro 
presented by the formula 11'^' N " O'*, takes j>la<*e un- 
der the influence of oxygen. And thus it may Is* con- 
sidered as ])rovcd,that there is no vEGiri’AnLE EininN ; — 
that there is no foundation whatever for the similarity 
asserted by Liebig betw<?eii animal filuaii and coagu- 
lated vegetable allnimen, which hr* calls ve[iet(thh‘ jlhrin. 
It is merely a mixture of an albuminous body ivith c«‘l- 
lulose and the other parts of wheaten-flour, which are 
insoluble in water and alcohol. Plants, and esjiecially 
seeds, in which every process t<‘rminat(*s in rlenixida- 
tion, cannot be imagined to contain any hydrate of 
the protoxide of protein. 
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Whatcv.r name may now be given to this body, it 
ooiitiiins more oxygen than the hydrate of protein. 

We have seen above (p. 34), that Ijiel)ig has boldly 
asserted, that animal fil>rin and Aw vegetable fibrin (or 
the mixture of cellulose Jind an unknown albuminous 
body, which we usually call coagulated vegetable albu^ 
men) contain tlie same proportion of sulphur. Science 
has never received any proofs of this assertion, and 
never will receive them. Liebig cannot procure any 
such proofs, sinc(^ vegetable fibrin has no existence. 
There can be no similarity in the proportion of sulphur 
between a myn^-exluing substance and the fibrin of 
blooii. Vegetabl(» casein and vegetable fibrin have, 
therefore, ceased to exist. As regards the similarity 
b(*tween vegetable and animal albumen, which has like- 
wise been boldly ])rocl aimed by Liebig, we arc even to 
this day waiting for j>roofs of this assertion. This as- 
sumed similarity has for some years been adopted as 
a fact by eviTy one ; but, from what has been said at 
|K Ido, it can no longer be so. 

What 1 have Inu'e mentioned is sufficient to explain 
tin? statement made at p. 550 of the first volume of 
the Scheikundig(» Onderzoekingen,’'' as to the change 
which fibrin undergoes on btung boiled with water, 
dissolve<l in hydrochloric acid, and precipitated by car- 
bonate of ammonia. All these bodies, which are in- 
soluble in water, contain the same j>roportions of car- 
bon, hydrogen, and nitrogen, as fibrin does, viz., 
(C^ 75-12):— 



The Baiue boiled 

The same dissolved in hy- 

Fibrin. 

and insoluble in 

drochloric acid, and pre- 


water.* 

cipitated by carbonate of 
aminonia.t i 

C 

52'70 

52-69 

H 6-93 

6-90 

6-88 

N 15-51 

15-63 

15-85 


Scheikund. Onderz., Deel I., p. 568. 


t Tbidem, p. 578, 
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The part whieli is dissolved when fihrin is l>oiled in 
water, consists partly of the hydrate of tri-oxide of 
protein (Schoik. Oiiderz., Deel L, p. 507), and partly 
of anotlicr suhstance soluble in alcohol, in regard to 
which I shall give sonifi details on a future occasion. 

I thought it worthy of a closer t'xannnation, whether 
. that part of fibrin which is dissolvfMl in hydrochloric 
iicid, and precipitated by ammonia, contains the sann' 
proportion of snljdmr as fibrin itself (\vhi<*h is an asser- 
tion of Ijicbig's). The sul»stanci' was prepare<l in the 
manner stated at ]>. 57G of the lirst v«)lmn(* of the 
Scheik, Oiiderzoekingen. It was dried at 2GG F., and 
burned with nitre and carl>onate of potash. I did not 
look for, and consequently did not <letermine, the phos- 
phorus. 

1*470 gr. burned with carbonate of potasli and nitre, 
yielded 0*114 sulphate of baryta, e([ual to 1 *00 per cent, 
of sul])hur. The (puintity of milphur has tlu*r«dbre n(»t 
diminished, and Liebig is right her(\ 1 tliank him for 
this. 

There is, consequently, no diilenuice between the 
composition of fibrin and that of the ])reci|utat<* j»ro- 
diice^l by carbonate of ammonia, from a solution of 
fibrin in hydrochloric acid, exce]>t, |>erhaj)s, in the 
.quantity of |)hosphorus, as to whi(di I have made no 
furthcu* investigation. But I nevertheless |)ersi8t in 
asserting, contrary to Liebig’s statement (Annalen, 
Jan. 1845, j). 130), that the preci]>itate obtained by car- 
bonate of ammonia from a solution of fil)rin in hy<lro- 
chloric acid, is not oxi<le of protein. It is aetuuUy this 
hody^ but contahu sulphur^ as I said two ycsirs ago con- 
cerning vitellin (The Chemistry of Vegetable and 
Animal Physiology), as analyzed by Von Baumhauer, a 
statement which Liebig seems to have juirposely passed 
over. 
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IJobig is right, however, in asserting that the air 
takes no part in the pro^hiction of this substance. It 
is 11 uehanged fibrin, — at least the qiuiiititii^s of sulphur, 
carbon, hydrogen, and nitrogen, have remained un- 
cdianged. For this I also offei^ my thanks to Liebig. 
Hilt itn organic elements are neviM-tlieless represented 
v(‘ry n(‘arly by N" (C = 7G-437). It contains, 

tlnvrefore, bi-oxide of ])rotein, empirically represented 
by this formula: — If the carbon be assumed to have 
an eqnivah'nt wanght of 70 * 12 , this snbstarti'e is chiefly 
an hydrate of th(‘ |)rotnxide of protein IP’ N’’ 
()i »4 j] ()g Fibrin, as regards its four elements, (\ H, 
N, and O, has thus the same composition as 1 havi^ 
previously assigned to the oxid(> of prot('in in its in- 
soluble form; nearly all 1 have sai<l of that substance, 
thcrefong a])plies to fibrin. Jt is certain that fibrin is 
a jirodnct of th(‘ oxidation of albuimm, and is forimalin 
tlie lungs. Tims tlnu'c is a ri'al difference Ix'twc'on 
fihl*in and albumen ; and it ap|)ears to me, tliat thf‘ 
attem|>ts mad(‘ by Dumas and others, to convert one 
into the other in the wav they have liitlnu’to followed, 
cannot possibly be successful. So much athaist results 
from the ttbove nninlKU’s; — all farther r‘X])hination must 
be left to the futurf. liic'big’s idea, that the sul^stance 
procipitatc'd by <*arbonate of ammonia from a solution 
of fibrin in hydrochloric acid, should not be called oxide 
of ]>rotein because it contains phosphate of lime (An- 
nalen, January 184f!, p. 131), is one of those objections, 
by which he shews that persons and not I’acts are his 
aim. Does not tartrate of lead contain tartaric acid ? 
Is it wrong to speak of tartaric acid as combined with 
oxide of load, because of the presence of oxide of lead ? 
And is a comj>ound of an organic substanct^ with phos- 
phate of lime an organic substance no longer ? Is gum- 
arabic not gum, because it contains a trace of inorganic 
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matter / Is siioar, as it occurs in comuB'rcc, no longer 
sugar, because it contains a little lime ? Remarks of 
this kind are never made by Liebig without a i)ur- 
[)ose — they are always intended to undervalue the 
works of others. 

I owe him my thanks for having drawn my atten- 
tion to the ])roj>ortion of sulj>hur which I f<»rin«uly 
omittiMl to deti'rmiuc. 1 have learnt from this, that 
fibrin may be dissolved in hydrochloric acid, uu<l pre- 
cij/itatcil unchanged by carl>onat<‘ aiuuiouia. It has 
iM'come an ol>ject of importance, to institute a compa- 
rison between fibrin and the sevau-al precipitates of 
casein, of wliichl have spoken at p. and the substance 
thrown down by carbonate of ammonia, from a solution 
of albumen in hyclrocldoric acid, ai<led by a fragment 
of the mucous mem)>raue of the stomach. 

I have still te draw attention to a substance with 
which fibrin may be mixed, and w hich ought to b<‘ no- 
ticed in the ('xamination of fil>rin. When blood is al- 
lowed to coagulate, and the fibrin is then washed out 
of the clot, it is im]»ossiblc to remove all the rolls of 
the blood-<*orpuscles. The colouring matter may be 
extracted either by alcohol and liydrorbloric aeid^ oi-by 
alcohol and ammonia, but the ci fls just ineiitioned 
cannot l>e thus removed. Fibrin, altliongb perfectly 
white, may still coutaiii globulin. Tt is possible that 
it was this globulin (the <-elluIai* iuenil»raiies of the 
blood-corpusculcs), or, at least, some pn»dn<‘t of it in- 
soluble in hydrochlorie acid, which Boucliardat found 
to be bd‘t behind, during the solution of fibrin. It 
may be, at least, that w hat he calls was 

only a product of gloludiu (Scheik. Oieb r/.., l)ec*l I., 
p. 377). Tu many of its properrit^s it agrees with 
lu-oxidc of piotein. it must sulUce at jueseut that 1 
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have drawn attention to a possible impurity in fibrin, 
and to the necessity of beating the blood immediately 
after it has flown from the animal, lest the fibrin that 
is obtained be mixed with a large portion of globulin. 

Our knowledge of fibrin having thus advanced nearer 
to tli^truth, wt' find in it a regular connection with 
what we know of the inflammatory coat, and of the 
muscular fibre. 

I have formerly stated concerning this inflammatory 
coat(Scheik. Onderz., Deel L, p. 560), that w hen boiled, 
om^seventh part of it is converted into a soluble sul> 
stance, which consists in ])artofthe hydrate of tri-oxide 
of ])rotein, and that tin* rest remains insoluble, and has 
tlie properties an<l comj)osition of fibrin. This change 
takes ])lace within a quarter of tin hour. Fibrin, when 
boiled for a long period, yields the same products, al- 
though in a different proportion, ('onseciuently, the 
inflammatory coat is not fibrin, but contains the sub- 
staiKU) of fibrin. 

It is my oj)inion, based upon the analytical results, 
mentioned at tin? place <jUOt(‘d above, that the in- 
flammatory coat may be considered as a cfiinbination 
of the hydrates of the protoxide, and of the tri-oxid<? 
of fu’otein (C=:75’12) : — 

Von Bauiiiliniior. 

C ri^io 'i2-23 

H a-93 7-04 

N 
O 

No detorniinatioiis have yot Ixh'ii published of the sul- 
phur and phosjdiorus ; such ought therefore to be made. 
•This body, when boiled in watei-, i.s decomjiosed into 
N‘ + H O, or N'0», and H*’ W' O'' 4 
HO (C = 7.'>'12), in the proportion of about 6 equiva- 
lents of the former to 1 ecpiivalent of the latter. Wi- 
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have, at all events, seen that the inflaniinatory coat is 
not pure fibrin, and must on no account be considered 
as bi-oxide of protein. Before, however, decidinuf as to 
its real character, it is necessary to study it more 
closely, and to search for other reagents l>y which its 
constitution may be discovered. 

I have to add anotlier j)roperty in which fibrin a|>- 
pears to differ from l)i-oxide of pnUein, that is, from the 
substance obtained from whalebone, horn, and hair, 
of which tlie composition a]>proaches to that of fibrin. 
This ]»ro|>erty is as follows. Whmi a current of chlo- 
rine is passed through a solution of fibrin in ammonia, 
the precipitate obtained is compos<Ml according to the 
formula 0^* + Cl But when the saim* 

ojKU'ation is performed upon bi-oxi<le 4>f ]>rotein, the 
product is quit<' difhu'ent^ and canma he conlV>unde<l 
with the former, having the formula H )■ -f Cl ( 
Fibrin therefore may contain C N" ()‘‘+]l(>, )»ut 
not C‘’^ II^- N ' 0“ (compare Bulb^tiii, 18,‘V.), p. 401, and 
Scheik. Onderz., Deed I., ]>. 172, Deel II., p. 400, an<l 
Decl III., j). d09), I liave not investigated whether 
this property h(*loiig8 also to fil>riii that has )ie<*ii 
boiled in water for a long ]»eriod, or to the precipitate 
])rodiiced by car1)onat<' of ammonia from lhr‘ s<»lution ol 
fibrin in hydrochloric acid. Wc ilo not ihercinre know 
with certainty, whethm* hose are repn‘sented bv 

(go jj:,> ( p. ^ J I J,^. ()1» 

X. Of the Muscuhxr J/zm, attd the auhstanee of the 
Primary Fibres, 

llegarding muscular fibre, I have I’ormcrly stated 
(The Chemistry of Vegetal>le and Animal Physiology, 
Part ril.j, that from a solution of nnis< lc in a weak 
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potash-ley, Adriani obtained a precipitate by means ot 
acetic acid, and that this precipitate had the same com- 
position as bi-oxide of protein ; and, further, that the 
same substance was ol>tained by adding carbonate of 
ammonia to a solution of muscle in acetic, acid. After 
^hese^precipitates had been digested in water, alcohol, 
and ether, they gave the following results. I shall, 
however, first mention otlier results obtained by Adriani 
from the analysis of muscle in its natural state, which 
have also been communicated in the third part of my 
work abov<^ mentioned : — 

Muscular flesli of a cow at 266^ F. 

Per-centage of ash, 0*5. 

I. 0‘736 -3 =: 0*733 gave 1*414 carb. acid, and 0*477 water. 

II. 0*335 - 1 = 0*334 gave 0*645 carb. acid, and 0*220 water. 

0*567 — 2 =: 0565 gave of nitrogen — 

Therm. Ilaroni. 

122 cub. cent, before the exp. at 42"’*8, and 766*4 inillira. 

197 cub. cent, after the exp. at 42'^*3 F., and 761*6 raillim. 

C = 76-437,— 

I. n. 

C 53*34 52*92 

H 7*23 7-30 

N 16 31 
OS 23*12 

Beef, 43rst coinphHfdy washed witli water, then dissolved 
in li weak potash-ley by the ai<I of beat, and ju’ccipi- 
tated by act^tic acid, yielded a snl)stance which was 
trented with alcohoh and dried at 2GG F."* — 

0*193 left 6*001 of ash. 

0*331 - 1 == 0 I>30 gave 0*648 of carb. acid, and 0*203 water. 

0*654 — 3 zr 0*651 gave of nitrogen 

128 cub. cent, before exp. at 39 ‘ F., and 756*2 inillim. 

215*5 cub. cent, after the exp. at 44^ F., and 758*5 raillim. 

* AVo did not at the time examine whether this body contains sul- 
phur. This solution was made with a ley containing of dry caustic 
})otash-ley. See my work on Physiological Chemistry. 
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C = 76-437,— 

C .‘>3-83 
H 711 
N 1.V38 
O 23-63 

Beef washed with cold water, dissolved in acetic acid 
the solution filtered and precipitated by carbonate of 
ammonia, and the precipitate washed and boiled in al- 
cohol, gave the following results : — 

0-460 left 0-001 of ash. 

0*4r38 — 1 = 0*437 gave 0*8/51? carb. ftcid, and 0*281 water. 

0*641 gave of nitrogen — 

125 cub. cent, before experiment at 61^ F., and 758*9 millim. 

210 cub. cent, after experiment at 61" F., and 758*3 millim. 

C = 76.437, 

0 *53*91 
H 715 
N 15*24 
08 23-70 

The exporiments upon tlio nature of the precipitate 
ohtained by acetic acid from a solution of inusclo in pot- 
ash, we have again repeated. For tin’s [»ur[)ose, we 
employed beef and* veal, separated as much as possible 
the pure muscular portion, cut it fiiVN oiul washfwl and 
kneaded it with water, till it was j>erfectly white. It 
was then dissolvefl in a potash-ley, at a tempfTaturo of 
about 140 F. This solution was exposed to the air, 
filtered and precij)itate(l by acetic acid, the precipitate 
wa.shed with water, boiled in alcohol ami ethfT, and 
dried at 260 F. 

The results were as folio w.s : — 

Proton from heef 0*322 left 0*003 of ash. 

I. 0*711 - 7 = 0*704 gave 1*418 of carb. acid, and 0*444 of water. 

II. 0*541 - 5 = 0*536 gave 1*067 of carb, acid, and 0*349 of water. 

11 
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C = 70-437 

1. II. 

C 55*69 55-04 

H 7*01 

Protein from 'veal 0*611 left 0*005 of ash. 

0 511 — 4 = 0*507 gave 1*017 of carb. acid, and 0*321 of water. ' 

C = 76*437 

C 55*46 
H 705 

Wo here find exactly tlic composition of protein, as I 
have stated it from the commenctmieiit, and have now 
calculated, l>y assiiniini,^ 75*12 as the etpilvalcnt weight 
of carbon. 

The precipittite, however, may be mixed wdtli a little 
elastic tissue, but this can have no influence on the re- 
sults of the analysis. 

The difTereiice between these results and those of 
Adriaiii is one e<juivalent of water. 

And now I concludt* the analytical results of this in- 
vestigation with that same body, which has formed the 
axis around wdiich Liebig’^s ]>en has revolved, — the 
removal of which from the world of science would 
make him extremely happy : I ukkui that body which 
is known by the forimda. Ih’'’ N® 0*‘ (0=75*12) ; a 
sul»;^tance which I formerly named protein^ and which I 
still distinguish by that name, only ad<ling the word 
anhydrous ; a substance wdiich neither depreciation of 
the w ork of others, nor threats of an abyss, can banish 
from the created world, no earthly power being able to 
deprive it of reality ; a substance, however, with wdiich 
w^e are still but imperfectly accpiainted, because it is 
one of the most complex of bodies, of which our know- 
ledge will, therefore, only reach a certain degree of 
perfection after all other Imiies are fully know^n. It 
has been possible to ascribe a certain scientific value 
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to the relation which exists between acetic acid and al- 
cohol ; and yet wc speak of a chlor-acetic a<ad, which 
must agiiiii overthrow what was considered to he esta- 
blished. But, of the albuminous IxMlies, he who re- 
(juires of another a thorough chemical knowledge, with- 
out himself exhibiting such knowledge, shews himself 
to be a stranger to the first rules of humanity. I oxen 
state, in so many words, that wc kno\jj nothing at all 
concoriiing the constitution of these bodies. We only 
know that they possess one constituent in common, 
which has received the name of j>rotein ; and this know- 
ledge, from whatever j)erson it may have cmanat(‘d, 
does not admit of destruction. 


XL Of the Propetiles <f Protein and its Onnimnnds, 

< 1 . Anhydron.s Protein^ II N’"' O’". 

It is aml>er-eolour(‘d, or even darker, esp(‘<’ially when 
pre|>are4l from hair, or by means of strong alkaline 
solutions from othei* protein com))ouinl,s. 

The prop(*rties of this substance are <Icscribed with 
such detail in tin* work of Berzelius, that it is unnrecs- 
sary to add hen^ one wonl. I nmst,^ InAvcver, remin<l 
the reailer that the compounds of prot«‘in with metallic 
leases, there mc‘ntione<l, must be (‘onsiden d as nun- 
existing, after what 1 have* stat(Ml upon this subject at 
p. 112 of the Bulletin, LS38. All tin? sul>stancf‘s that 
contain either jirotein or the two first oxides of it, 
are united into one grouj» by their common j)rojM*rty ol’ 
forming xaiitluj-proteic aci<l {i'A IL'*' X* O’*), through the 
influence of nitric aci<l ; and, furtlier, by Ixxnnning 
purjde under tin* action of hy<lrocliloric acid and 
oxygen, and by being preci[>itated from tbeir solutions 
in acetic acid by |>russiate of pr>tash. With strong 
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sulphuric acid they form a compound, represented by 
the formula C*® N® 0**+ S O*. 

b. Hydrate of Protein, H®® N® + H O. 

It is affected by various reagents in the same man- 
ner as the former substance, but it is more readily 
sohible in ammonia, acetic acid, weak potash-ley, &c. 
At 2G0" F. it does not part with its equivalent of hy- 
drate water, b>it this can be replaced by chlorous acid, 
and thus is formed C^“ 11®* N® O'^ + Cl O®. 

When in solution it combines with hydrochloric and 
sulphuric acids, and forms 

0‘" ir" 0'“ + 2 11 O + S O* and 

C‘* IP’ N* 0>“ + 2 H O + II Cl 

— (Bulletin, 1839, p. 21). 

I have not examined whether it can combine with the 
first hydrate of sulphuric acid, and form the compound 
C*“ 1P« N‘ 0>“+iJ 0 + S CV*. 

With tannic acid it forms a compound having the 
formula 

1137 o'^zzC** H™ N” O^ + C” H‘ 0" + 2 H 0. 


c. Hydrate of f^rotoxide of Protein, C*" H®® N® 

0‘®+HO. 

The only substance which contains this body, as far 
as we yet know, is the fibrin of Idood ; perhaps it also 
exists in vitellin, and in the inflammatorv coat. Its 
principal pro])erties agree with those of protein, but it is 
characterised in fibrin, if this has not jyreviously been in 
contact with alcohol, by being very readily soluble in 
acids. W^ith chlorine it forms a combination, having 
the formula 

e® H*® N* O’^+Cl 0®. 
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d. Bi-oxide of Protein, IP 0'^ 

This compound was first obtained from hair by 
Scheorer. It has different properties, according to the 
substance from which it has been extracted. It was 
described with much detail by Van Laer (Scheik. 
Onderz., Deel I., p. 1G8), such as he obtained it from 
hair. That obtained by Van Kerckhoff* from whale- 
bone (Scheik. Onderz., Deel II., p. 393), had the same 
properties, and J. L. Tilanus also extracte<l it with the 
same character from this substance (Scheik. Onderz., 
Deel III., j). 2})9). It may be ])repar(Ml from liair and 
horn, by dissolving them in j)otas]i, and — after the pre- 
cipitation of any protein tliat may bo pres(mt by a Iittl<j 
acetic acid — l)y adding an excess of ac('tic acid, wliicli 
causes the ])recipitation f»f tlie bi-<»xide. It may be 
obtained from whah‘bone l)y dissolving in strong acetic 
acid, and throwing down l>y ammonia. This substance 
has several ])roperties in common with the hydrate of 
protein, but it cannot be <*onfonnded with it, both b<*- 
cause its other properties and its coin|K>sition are dif- 
ferent. For comparison\s sake, I will mention here 
some properties l>y which they may be distingnisherl 
froyi each other. 

When to an alkaline solution, in which l^oth j)rotein 
and the oxide of protein are j»reseni*, a little acetic acid 
is added, the form(‘r is [>r( ‘ipitated ; but the latter 
mains in solution, and only falls wlnm an f‘xc<‘ss of 
acetic acid is add(‘d. Protein is soluble in a large 
quantity of this acid; and altliongli, therefore, a little 
of it might at first have be(»n [)n»cipitated along with 
the oxide, there is no danger of their 1>eing uiixed in 
any considerable (piaiitity with each otlj(‘r, and, besides, 
there is a perceptible difference between tlnan. 

Protein is insoluble in water, but the oxi<le is more 
or less soluble. The former is insoluble, the latter 
soluble, in very weak acetic acid. 
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One of the most iini)ortant differences between these 
two bodies, is exhibited by the action of chlorine. 
When a current of this gas is passed through a solution 
of protein, the compound produced has a composition 
which is rcpresente<l by the formula 

QH) ]i3() ^ (<l 03 

and when ])assed through a solution of the bi-oxide, the 
j)rccipitate has the formula 

ir«‘ O'” + Cl 03 

(Van Laer, Van Kcrckhoff, and T. L. Tilaiius in 
Sclieiknnd. Onderz., Deel I., p. 171, Deel II., j). 400, 
Dee] III, p. 309.) This is an important difference. 
Fibrin, albumen and casein — all of which produce 
(J40 Jiao ()12 ^ (jl O 3 — distinguished by this 
]>roperty from horn, whahdione, and hair — the sub- 
stance obtained from these having the formula 
Iiao ()i7 -p Cl (P. 

Liebig’s assertion, therefon', that we liavo recently 
been presenbMl with so many various substances, which, 
although most dilferent in ]u*o|orti<‘s, are all to b<' con- 
sid(u*<'d as oxides of prob'in ’ (Annabm, January 1^40, 
p. 130), do(\s not certtiinly a])ply to this body, of which 
even'Y im])aTtial peVson wdll acknowledge, both that it 
differs from protein, and that it is always one and the 
same, alth(»ugh prepared from the most dilferent sub- 
stances, such as horn, whalebone, and hair. 


e. Tri-oxide of Trot II*^^' N'''> -f IK). 

Vjin liaru' ^btaine<l this body from hair in the an- 
hydrous state (ISclieik. Onderz., Deel I., p. IGl). lie 
found it to possess the same properties as tin' hy<lrate, 
except that it is a little less soluble in water. In the 
Bulletin, 1 ^ 439 , p. 40(5, I have described the j>roper- 
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ties of this substance obtained from the chlorite pre- 
pannl from fibrin, albumen, and cas('in ; ainl, in the 
Scheikuiidige OiidorzoekiuGfon, those which it possi»sscs 
when prepared by boilinp^ fil>rin and nlbumen. I think 
it unnecessary to repeat all this liere. 

It is remarkable, that this substance do(‘s not form a 
precipitate with prussiaD' of jK>tash. 

In the insolulde form, Tilaims prepared it from horn, 
by boiling in acetic acid (Scheik. Oiider/., IVid III., 
p. d07). It gave a precipitaU' with prussiate of potasli, 
and was compose<l according U) the formula 
^40 nw ()iv+ no 

If liiebig will take the trouble of reading over the 
various j>assages I have <|U<)ted, he will do well to n'call 
his statement, that M'c have recently l>een pr(\sentc»d 
with so many various sub.stam*es, which, although ck- 
ceedingly different in prop<u*ti<*s, areall to b(‘ consifhu'ed 
as oxi<les of ]>roteiu.” AV(* have, at least, — 

Ls'^, Looked for difterences in their prop(‘rtif‘s, wh(‘re- 
ever bodies have Ihm'ii d(‘scribed uiuler dilferent names ; 
2d, for tin* same ju-opertie.s and composition in all bodies 
which have be(‘n class<Ml umler tin* same naim^ ; and, 
^b/, when the diffi^rence in these {)roperti(‘s was very 
small, it has been cousidere<l iii(*x|>eTlient to introduce 
as yet any lUiW' names iiite sciences, but rather to dis- 
tinguish the compounds by d<*signations which ex- 
press their (‘om))osition as nearly as [>ossibb*. 

I shall ]>ersist in following th<*se thre(‘ rules, what- 
ever ol>jections may be made to them. Liebig alom? is 
capable of asscu’ting that I have not been guid<*d by 
them in this investigation. 
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CONCLUSION. 

I believe I have shewn in the preceding observations, 
That I am opposed to tlie spirit which Liebig tries 
to introduce into the world, and that I consequently 
avoid it. I warn my young readers against it. This 
spirit will tend to pull down what is good, and to pro- 
mote what is l)ad. 

2^/, That I have a right, nay that I nm bound to 
acce])t no more of Leibig’s justice. Whatever I may 
in future produce in the domain of science, is to be 
considered as nrjt written for him. I readily give him 
liberty to hurry me into the abyss. 

That I have removed some errors from the his- 
tory of protein, and that I hdve enlarged our knowledge 
of it with some new facts, for which I am indebted to 
liiebig’s desire for controversy. 

The evil has thus had a good ellect in this case. 
I shall now quietly proceed in the study of the science 
which is dear to me, caring little about the attempts of 
coarse selfisliness to mutilate my labours. I will, how- 
ever, nourish my aversion to people who do not under- 
stand the following sentence : 

‘‘ Ingenuas didicisse fideliter artes, emollit mores 
nec sinit esse f(M'os.’” 


ANSWER TO M. N. LASKOWSKI. 

In the Annalen der Chemie und Pharmacie, Mai 
1846, there has at last appeared an article which had 
been long expected. You have lent your name to this 
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article, and perhaps you have partly \vritt('n it your- 
self. 

My first answer to you is, Read in Otto, (u* any other 
work on C’heniistry, what takes place, whcui sul|>hnr is 
dissolved in potash-ley. 

My second is, Let not the small determine the value of 
the great ; never calculate formuhn from those consti- 
tuents of a compound which an* present in the smallest 
<puintity. 

My third is, Be on your guard against your mastrr* 
He now employs you, as he has formerly done otln*rs, 
to feed his own amhition and desi^'o for (a)ntroversy. 
By and by he will r(*j(*ct and calumniate you, as he lias 
done all your preeb'cessors wliodid notalwtiys kneel in 
the dust before hinx. Kveu now I think it <loul>tful, if 
he does not already lay ^inircs for you, since he has 
purpos<dy loft you unacquainted with the histoi’y of tlie 
hyposulphites; since he has told yon notliiug of the 
solution of sul])hnict of ]>otassinm, and made yon 
operate with silver and oxide of l>ismnth, to lemove tln^ 
sulphur from an alkaline solution, IVoni which it could 
not be sejxai'atod by boiling ? 

If I am not mistaken, your mast(‘r ex|>ected the good 
fortune of killing by blow, Dirtnas and Calnairs, 
Scheerer, liuskowski, and Mulder. Tims ho strikes 
on, until, in his estimation, no one that has any idea of 
chemistry shall be left in the world but hims<df. Take 
a lesson fi-om the past, Mark how your master em- 
ploys for hh purpose all that are about him, anti how 
he abuses them, as soon as they aix* in# longer of any 
use to him. Your fate will be the same. Open your 
eyes before it is too late. As long as 1 did not con- 
tradict him, he employed Scheerer to confirm all my 
results ; but now, having made some scientific remarks 
against him, he employs you and others to proclaim all 
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in y results as false. “ He finds himself opposed to me 
in self-rlefence, and I must not be surprised, if he tell 
me in public, what he wrote me in his private letter” 
(Letter, 29th May 1840). You are therefore to assist 
him in his contest. , 

If you persist in your opinions, I shall hereafter give 
you another reply ; but I have considered it my duty 
first to warn yon, who are young, and inex[)erienced, 
and have allowe<l yourself to be emjiloyed by a man 
whom you did not know. 

You have exhibited to the world the singular picture 
of a person at onct contesting and confirming the same 
thing at the same time. But no I your master has done 
this, or !|t least the greater part of it for yon, and you 
have lent your name. 

Take my advice, and give Vonr name to lietter things 
in future. 

(1. T. MULDER. 
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Anatomy, Pliysiology, Pathology, and Thenijieuties. 4to. with 5 engraved 
Plates. liOiuUm, 1843. ,i’l. 


W. C. HUFELAND, M.D. 

Manual of the Practice of Medicine, the Result of Fifty Years' Ex- 
IKwience. By W. C. Hufclaiid, Physician to the late King of Pnissia, 
Professor in the University of Berlin. Translated from the Sixth German 
Edition, by C. BruchUausen and U. Nelson. 8vo. bound, London, 1844. 15#. 


ROBERT LEE| M.D. F.R.S. 

Ti|« Anatomy of the Nerves of the Uterus. By Rolicrt Lee, M.D. F.R.S. 
foUo, with 2 engraved plates. London, 1841. 8#. 
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GERBSR AND Q. GUX.I1XVER. 

Elements of tiu* General and Minute Aiuitomy of Man an<l the Mammalia. 
Chiefly after Original Researches. Ry IVofessor Gerber. To which is added 
an Appendix, comprising Researches on tlK; .Vnatoiny of the Rlooih Chyle, 
Lynipiv, Thymous Fluid, Tubercle, and addilions by C. Gulliver, F.R.S. 
In 1 \ol. 8vo. Tt;xt, and an Atlas of 31 Elates, ejignivi d by J,. Aldous. 
2 \ols. 8ui. ,1812. Cloth boards. All. 4#. 


R. T. H. X.AENNEC. 

A Tkkatibe on the Mediate .Vnscultation. iind on Diseaac.n of the Lungs and 
Heart. By R. T. H. Lacfinec, Professor to the College of France an<l to 
the Faenlty of Medicine of Paris. With N«>tes and Additions by M. Laennec, 
and M, Aiidral, Professoi's to tin* Faculty of Mediciue, Paris. Translated 
from the hist edition by a Member of the Colleger of Physicians. Edited hy 
The<ipiiilns Ilerl»ert, M.D., with Praetical Notes, comlenst'd from the 
L(^cturcs of F. II. Ramadgc, M.I)., f)xou. 8vo. vvitli plates. London, 1810. 

18tf. 

W. C. li. MARTIN, ESQ. 

A General Introduction to the Natunil History of the Mtmiiniferous 
Animals: with a particular View of the Pliysieal History of MRf, and tlni 
more closely allied Genera of the Ortler “ tinudnmiatia,'’ or Monkeys. 
Illustrated witli 290 Analomictd, Osteologieal, and (dher Engravings on 
\V(Mid. and 12 full-plate Representations of Animals, tlruvvn by VV. Harvey. 
1 vol. Hvo. London, 1811. l#.v. 

• 

RICHARD OWEN, F.R.S. 

Odontoorapiiy ; or, a Treatise on the Comparative Atiatomy of Ihc Teetli: 
their Physiological Relations, Mode of Hevelopineut, and MierosiHjpleal 
Structure in the Vertebrate Aiiinmls. By Kich.'jd Owen, IMCS. Cor- 
respondent of the Royal Aeiideiny of Sciences, Paris and Berlin; Hun- 
terian I'rofessor to the Royal College of Surgeons, London. This splendid 
\V<jrk is now compl<'te<I, 2 voJ». royal Kvo. containing KiH Plates, half 
bomid nissiji. London, lS10--1.'i. Alti. t»«. 

\ few copies of the Pljites on India paper, 2 vols. 4 to. .1*11). IOa*. 


P. RAYER, M.D. 

A Theoretical and Puactical Tueatlse on the Diseases oe ihk 
Skin. By P. Raver, M.D. Physician t<i the llbpifal de la Cliaritc, 
Translated by R. Willis, M.D. .Sei-ond Edition, remodelled and iiiueli 
enlarged, in 1 ihiek vol. Hvo. of i,'JOO jiagcs, with Allas, royal ll»». of 2ti 
Plates, finely engraved and coloured with the greatest ran.*, exhihiting 190 
Varieties of Cutaneous Aircelioiis. XL Kk. London, The Te.vt 

si“parately, Hvo. in boards. t*l. 8s. I’lie Atlas Ito. separalelv, in boards, 
X3. 10#. 

J. CRUVEIX.HXER AND O. BONAMY. 

Atlas of the 1)escrii‘tivk Anatomy of the Human BckIv. By J, 
Cruveilhier, Professor of Anatomy to the Faculty of Medicine, Pari*. With 
Explanation by C. Botiamy. Containing 82 4 to. PhitCH of Osteology, 
Syndemology, and Myology. London. 1811. Plain, X3; coloured, X5. 15 f. 


WORKS PUBLISHED BY H. BAILLIERE, 


J. IiBBAUDY, M.D. 

The Anatomy of the Regions interested in the Surgical Operations per- 
formed uj>oii the Munian Bruljy with Occasional Views of the I’athological 
Conditions, wliich rentier tlic interference of the Surgeon necessary, in a 
Series of 24 l*laies, the Size of Life. By J. Lchaudy. Folio. London, 
1835. £1. 4s. 


Prof. J. SYME, F.R.S.B. 

PRiNciri/Es OF St?rgkry. By J. Syme, IVofcssor of Clinical Surgery in the 
University of Edinburgh. Third edition, much enlarged, and illustrated 
with 14 Plates on India paper, and (>4 woodcuts. 1 vol. 8vo. London, 1812. . 
£ 1 . 1 . 


JAMES WARDROP, M.D. 

On Bi.ooD-liE'i'MNG, an Account of the Curative Effects of the abstraction of 
Bh>od ; with Rules f(»r employing both local and general Blood-Letting in j 
the treatment of Diseases. 12mo. London, 1835. 4Af. i 


ROBERT WIliElS; M.D. 

lLLC8TRATroNf* OF CrTANEous DiKtiAHE : a ScTics of Dcliiications of the 
Affeetions of the Skin, in their more interesting and freipient Forms: with 
a Practical Summary of their Sym]>toms, l)iagnosi.s, and Trealmerjt# in- 
cluding appropriate Formula*.. By Robert Willis, M.D. Meml)t*r of the 
Royal College of Physicians. The Drawings are after Nature, and Litho- 
gi'uphed by Arch. Henning. These Illustrations are comprised in IM 
I’lales, folio. The Drawings are Originals, carefully eoluurcd. Bound 
in cloth, lettered, London, 1842. 0/. 

On THE Treatment (IK Stone in the Beadder, by Medical and Mocha- 
uicid Mcan.s. 8\o. London, 1843. 5.v. 


ROBERT WIEDIAMS, M.D. j 

Elkmenth ok Medicine: Morbid Poisons. By Robert Williams, M.D. | 

Physician to St Thomas’s Hospital, 2 vols. 8vo. London, 183(1 — 1841. ' 

£\. 8s'. Od. *’ I 

n ,.. Vol. 2. Separately. 1841. 18*-. 


FRANCIS B. COURTENAY, ESQ. 

On THE Pathology and Cure of Stricture in the Urethra. Illus- 
trating, liy a selection from numerous intcre.sting facts and cases, the 
Origih, Progress, and History of- this Disease, in all its l*hascs, and em- 
bracing every variety of Morbid Contraction to wliich the Urethra is 
liable, together with an account of the mode of Treatment successfully 
adopted in each castj, and ('ure of every species of Lretliral Strict ure. 
Third Edition. 8vo. I.ondon, 184.5. 5#. 

‘PraCTIcai. Obseuvatjon.s on the Chronic Enlargement of the Pro.statc 
Claud in Old People, with Mmlc of Treatment. Containing numerous 
cases and plates. 8vo, in hoards. London, 18311. 7.v. (id. 
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B. BPX1.BAN, M.D. 

Thesai Ri s MEnic.vMJNrv ; or llu' EroscrilHT’s V.'iile-Mecimi ; con- | 
tftiiiinc: all tlic Mciiicinal SnhstAiiccs of tlic l*hnnna(’ 0 |Ht'in, arranged j 
•ncrordinir to tltcir TluTujM'ulic Action, with the nic.st elegant method of j 
])res(Til)ing eat‘li ; to whi<'h are subjoined a Tahle of Incompatible Sub- ‘ 
stances, and Directions for tbe Treatment of I’oisoning. Hy D. Spillan, 
M.I). I Hum). London, 1812. .Tv. 


MICHAEL RYAN, M.D. | 

The PiiiLosoeitY ok Maruiagk, in its Social, Moral, and Physical Rela- | 
I lions; ^^ith an Account of the Diseases of tlic (itMtito-l rinary Organs. 

[ with the Physiology of (Icneration in the Vegetable and .Vnimal Kingdoms. 

Fourth edition, very mucli improved, lly M. Ryan, M.D. I vol. 12mo. 
j London. 18*13. (i#. 

|| ALFRED BEAUMONT MADDOCK, M.D. 

|l ]*RACTrcAi- OnsERVATiov'^ on the eflicacy of Mc«lii’atcd Inlialations in tbe 
j! Treatment of Pulmonary Co.isiimptlon. H\ Dr. Maddock. H\(». with a 
j; coloured plate, .'ird edition. Loinlon, 18 H>. 'i.v. tii7. 

JAMES WILSON. 

pRACTtcu OK IKK Watku ('i RE. witli anlhenti(*al('d Evidence of its Efbeaev !. 
and Safety. Part 1.. containing seventy aiitbeplicaied ('.ises, the Oi)inions 
of English Medical Practitioners, a Sketch of tin* llislor\ and Progress 
of the \Sat<*r t’ure, and an Accouftt of tin* Proe(*sses used in the Treatment. 
8^o. London, 18 1 1. l.v. i'ul. 

A. B. GRANVTLLE, M.D. F.R.S. 

I KissiNiiEN, its S<nirces and Resources, with Obs<T\ations on their use atnl I 
I erticncy in the Treatment <»f Dis(*ast;s. Ity .A. E. (Iranvilh;, M.D. I'.R.S. | 

i 1 \<»l. 12100 . I.oiidon, 18 IG. fov. } 

! - i 

I BARON JUSTUS 1.II:BIG. | 

! Chemi.sir> and Physics, in relation lo Physiology ami P.atimlogy. Hv j 
I Haron .Insttis Lichig, Professor of (.■heinistry at the L ni\ersit\ of (.lessen. I 

i 8\o. London. 181G. 3.v. | 

— . . ... 

THE STARS AND THE EARTH. 

I Tilt* StAR-s AM) Till; Earth; or, Thoughts tjpon S])aee. Time, and 
j Kternitv. 18mo. I.ondon, 18M». Iv. 

! .... j 

I J. MU1.1.BR, M.D. I 

I Elements OK Physics A.M) M. ri:oRoi.o(;Y. Illnstrated liy .Ml \Voo»ie>its. 
Translated frotti the (ierman London, IK 17. ^ In the Prf^ss. 

J. B. BOUSSINGAULT. I 

j Rural Economy, in i’s Relations with C’hemistry, Physics and Met<*ofologv. 

Hy .1. H. Bonssinganb, Member of the. Institute (^f France. With Notes, 
j Second Edition, earebdly revksed and corrected, 1 v(»l. Hvo. iML'i. Ixm- 
! don, 1815. Cloth hoards. 18#. 


6 WORKS PUBLISHED BY II. BATLLIERE. 


I J. DUMAS & J. B. BOUSSINGAULT. | 

i Thk Chemical and Physioi.ohical Balance of Organic Naturf: j 

' an Essay. By J. Dumas and J. B. Bonssiugault, Members of the Institute ; 
of France. 1 vol. 1 2ino. London, IHM. is. i 

PROFESSOR T. GRAHAM, P.R.S. | 

Elementh ok Ciikmiktra'; in<;ludin^ tlie A])t)Iicalion of the Science in tlic i 
Arts. By T. Graliam, F.U.S. L. iv. E. Profes>or of (■lieinistry at Uni- 
I 'versity ('ollei^t^, London. Scctmd Edition. Entirely rexiseil and greatly 
enlarged. I'art I. lajudon, IS 17. i'l.v. 
i Part Si lust of Isl Edition, coniaijiing Organic ('heinistry, Svo. 9 a'. 

R. D. THOMSON, MD. 

British Annual and Epitome ok tii*i IbtoGiiEss ok Science. By 
' It. I). Tlio)tiM)n, assistant Professor lJni\ersity of (llasgow, '> vols. IHiiio. 

! clotfi honrfis, I/^fferfd. M. itcf. each, 
i /'».s7 IVy/r. IH.'j;. 

I Contains nmnerous fVactical Tables of Weights, Measures, and Cttins. Tl\e 
j pojnilar ])a|ters are by the K(‘\. B. Powell, C. Tomlinson, Es(p, W. S. B. 
Wute.rlioiisc, Esip, T. S. Davies, Esq., R. D. Thomson, .M.D. 

SrroiifI Yonr. 

i The |)oj)ular Papers are In T, Thomson, M.I). Regius Professor of Chemistry ) 
in the Uni\ersity of (ilasgoAV, R. E. (iranl. M.D., Ih'otVssor of Comj)arali\e | 
Anatomy ill tlie University (^)lh'ge, Jyo^ydon, R. J). Thmiison, M.D. Jafcof ' 
James Matt, illustrated with a PoriraiL 11. 11. Janvis, Es«j. ! 

Third Yrar^ IS.'P.h 

The Popular Papers arc by J. S. Russell, Esq., Professor It. E. (Irani, II. Gar- ’ 
j uier. Esq., U. 1). Tlu>ms<»n, M.D. 


THOMAS THOMSON, M.D. F.R.S. L. & E. 

j Chemistry OK Organic Bodies — Vi'getjihlcs. By riiomas Thomson. M.D. 
F.R.S. L. iV E. Regius IMofessor of Chemistry in the Uni\ersity of Glasgow, 
Corresjiondiug Member of tlie Royal Aeadt niy of Paris. 1 large \ol. Svo. 
of 1092 jtages. London, 1H3S. Boaials. 1/. l.v. 

Heat and Elkctricita . Seeond Edilinn. 1 vol. Svo. illustrated with 
; \vood-<’uts. Ijondon, 1839. In.v. 


PROFESSOR KJEMTZ. 

A Complete Coeuse ok Meteorologa. By Ka nilz, Professor of I’hysics 
at the University of Halle, NViih Noi<*s by l li. Marlins, and an Apj»mdi\ 
by L. Lalamie. Translate*!, with Additinns, by V. Walker. Editor id j 
the “Eleetrieal Magazine.” 1 vol. j>ost Svo. (pp. 02 1), with 15 Plates, j 
cloth hoards. 1845, 12.v. (id. | 

t, G. F. RICHARDSON, ESQ. 

Gbologa' for Beginners ; couqirisiug a Familiar Exposition of the Ele- 
ments of Geology and its Associate Sehmees — Mineralogy, Fossil Concho- 
logy, Fossil Botany, and Paleoniology, By G. F. Rieliardson, F.G.S. 
Second Edition, with 251 Moiidcuts. Post Svo. 18-13. 10.v. (id. 
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JOHN MITCHELL, ESQ. 

Mani'at. ok PRACTirAi. Assaying, iiiti'iided for llio use of Mrt<alhirgi$tSy 
Cuptiiii'N of Mini's, ainl Assayors in Gont'ral. M'itli a ro]uous Tal)l(\ for 
tin- of asoiMiainintr in Ass.ays of Gold and Silver tlu' ]»reeise amount, 

in ()iin(v>, IV nnywt'iirhts. and (irains, of nolde Metal eontained in one ton 
of Ore from a giM'ti ijuanlity. lly John Mitehell, Esij. Memher of the 
Cliemical Soiietv of l.ondon, 1 vol. post Hvo. in clolli hoards, London, 
IS Id. l().v. (h/.' 

(lonvrnl Con/rufs. 

Chak. I. On the im'ehanieal and ehemieal operations of assay inir. — C hap. II. 
I'nniaees, fuel, erneihles, — Chap. 1 1 1. The tluves, llieir (‘ompo^ition, mode 
of preparation and use. — (’n ve. IV. On the hlovv-jiipe and its use — Diseri- 
ininalion of minerals — (I'eiuTal routine of hlovv-pipi* operatiims — On the 
indieations giveti hy the most eounnon of ihe minerals on being treateil hy 
the hl(m-]>ipe aided hy Ihixes. — (’ii vi*. V. Minerals of all the common 
metals, tlu*ir eom))Osition, and method of determining their contents hy 
luimid analysis. — ('ii.\e. Vl.--The assay of iron. — ('mac. VIL Assay of 
copper ores. — ( fi.vr. \III. The .Assay of lead ores.— (' ha r. I\. Assay of 
tin ores.— ( n At', X. Assay of antittionial ores. — C h ai*. \I. .A.ssay of chro- 
mium ores. — Cum*. Ml. .Assay of /.ine ores.— Gn \e. MIL Assay of iner- 
eurial ores.-— J n ac. MV. Assav and analysis of ))latinum ores. — Giiac. XV. 
Assay of silver ores. — (’n ve. Wl. Assay of gold. — ( iiAe, WfL Assay 
and antdysis of fuel.— ( 'll AP. XVlIl. Assay Table, shouitig the amoiml of 
gold or silver, in ouiii’es, pennyweights, and grains contained in a ton of 
on , from the weight of iiK'tal obtained in an assay of 2(K) graiim of iiiiricral. 
• 

JAMES C. PRICHARD, M.D. F.R.S. 

Till: N vTT’iiAt, llisrouv ok Man; eomprising Imptirii's into the Modi- 
fying Intineiiee of l'h>sieal and Moral Agencies on the diri'erent Tribes of 
the Unman family. Ily .lames (.’owlcs Prichard, M.l). F.R.S. .M.R.L.A. 
( orrcsponding Member of the Naiional Institute, of the Royal Academy 
of Metiieine, and of the Statistical Society of France; .Member of the 
Amerieuu Philosophical Society, t\c., \c. Second Ihlition, eidarged, with 
1 t coloured .> plain Illustrations, engraved on Steel, and 97 Engra- 
viiigs on Wood. Roval Hvo. London, lHt.">. Eleganllv hound in cloth, 
.fl/. l.Tv. (h/. 

Appkmjjx to the First Edition of the Natural History of Man. With Ct 
coloured Plates. Large Hvo. London, 1H |,A. .*Vv. (h/. 

Six Jviij nogkaphicai. Maps, a.s a Supplement the Natural History of 
Man, and to the Researches into the Physical History of .Mankiml. Folio, 
coloured, and one shiiet of Letter-pnrss. London, 1H15, 1/. !«. ; done up 

in cloth hoards, If. Iai, 

Ii.M’sTRATioNs to till* Rcscarchcs into the I’hysical History of .Mankind. 
Atlas of 4 1 cidourcfl ami r> plain Plates, engraved on Steel. Large Hvo. 
London, 1H41, Half honm’ 18». 

On Tin: Hii KKiiiiNT Forms ok Insanity in relation to Juris)»rudeiicc. 
(Dedicated to the Lord Chancellor of England.) 12mo. lamdon, 1HI2. 

PROFESSOR F. KNAPP. ^ 

CnKMicAL Tkchnologv- Ily F. Knapp, Profe.ssor at the Lniversity of 
(ocssen. Illustrated with 400 large wood-cuts. Translatea and Edited 
hy Doctor Thomas Richardson, 1 vol. Hvo. London, IS Id, ( Jn the VrmH.) 




WORKS PUBLISHED BY H. BAILLIERE, 


SDWARD J. CHAPMAN, ESQ. 

A Brief Description of the Characters of Minerals; forming 
a familiar Introduction to the Science of Mineralog\% by Edward J. 
Chapman, 1 vol. 12mo. with 3 plates, London, 1844. 4#. 

Practical Mineralogy ; or a Compendium of the distinguishing Cha- 
racters of Minerals ; by which the name of any species or variety in the 
mineral kingdom may be speedily ascertained. Illustrated witli 13 en- 
gravings, showing 270 specimens, by Edward J. Chapman, 8vo. London, 
1843. 18. 


H. 6. OmENDORFF. 

A New Method of Learning to Read, Write and Speak, the German Lan- 
guage in Six Months. Translated from the Fifth French Edition. By G. 
J. Bertinchamp, A.B. Second Edition, Revised and Considerably Im- 
proved, by James D. Haas. r2inu. Bound. 1811. 9^*. 

ALSO : 

A Key to the Exercises. 12mo. Bound. 1811. 4s. Cul. 


M. BONIFACC. 

Modern English and French Conversation. Containing Elementary 
Phrases and New Easy Dialogues in French and English. IGtli Edition. 
ISino. London, 1845. 3«. 


WORKS ON BOTANY. 


SIR W. J. HOOKER. 

IcoNES Plantarum ; New’ Scries. Vols. 1 — III, containing each 100 I’lates 
with explanations. By Sir W. J. Hooker, Director of the Royal Botanical 
Gardens, Kew. 8vo. cloth. London, 1842 — 14. X*l. 8&’. each vol. — Vol. 
IV. Part I. 11#. Loftdon, 1815. 

The London Joitunal of Botany. Vols. 1 — IV, with 24 Plates each, 
boards, 1842 — 15. X’l. 10.v. each vol. 

yf4ve published monthly, with 2 plates. Price 2s. Cr/. 

Notes oh the Botany of the Antarctic Voyage conducted by Capt. James 
Clark Ross, R.N. F.R.S., in ll.M.SS, Erebus and Terror; with Ohser\a- 
tions on the Tussac Grass of the Falkland Islands. 8\o. with 2 coloured 
Plates. London, 1843, 4#. 


ARTHUR BIBI. HASSALX., F.L.S. | 

A SisTORY of the British Fresh Water Algic, including Descriptions of the ! 
D?sjnideje and Diatomaeem. With upwards of One Hundred Plates, j 

ill istratirfji the various species. By A. H. Hassall. 2 vols. 8vo. cloth, i 

London, 1845. iJ2 2s. I 
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H. B. FIEX.DXN6, F.L.S. ft F.G.S., ft GEORGE GARDNER, F.E.8. 

Skrti'm Plant a rum ; or, Drawinjrs aiul Descriptions of Rare and uiuies- 
erihed IMants from the Author's llerhorium. liy 11. R. Fielthiiig, ussistCHl 
hy G. Gardner, Su])crintendcrii of the Royal Rotanic Gardens, Ceylon. 
8 VO. London, 1844. XI. is. 


« ROBERT WIGHT, M.D. F.L.S. 

lij.rsTRATioNs of liuliaii Roiany; or, Figures IHnstrative of e^h of the 
Natural Orders of Indian JMaiits, descriin.Ml in tlie Author's rrmlrornus 
Flone PeninsuhT Indiie Orientalis; hut not eontiiied to them. Ry Dr. 
Rohert Wight, F.L.S., Surgeon to the Madras l^stnhlishmenl, Vol. I. 
published in 13 Parts, contsiining, 95 col. plates, Madras, 1838 — 10. 
.1*4 \7s. (ui. Vol. IJ, Part I, eouiaining 39 coloured plates, Miulras, 1811. 
11 bs, 

(Odd Parts can he obtained to complete sets.) 

IcoNKs Plantaruni India', Orientalis; or. Figures of Indian Plants. Ry Dr. 
lh))>ert Wight, F.L.S., Surgeon to the Maclnw Establishment. Vul. I. 4to. 
consisting of IG Parts, containing together 318 plates, Mjulras, 1838 — 10. 
.t‘l. Vol. JI, consisting of 4 Parts, containing togeilicr 318 plates, 
Madras, 1840 — 12. ,15 bs. Vol. III. Parts 1— UI, with 409 platC‘8, 
Madras, 1843 — 4G. X4 bs. 

(Odd Paris can be obtained to complete sets.) 

CoNTRintJTioNs to tlic Rotaiiv 0 $ India. Ry Dr, Hr»l)ert Wight, F.L.S., 
Surgeon to the Madras E.stabiislunent, Hvo. London, 1831 G//. 

SiMCiLKoiT^M Nkii.ohkrkensk; or, n Selection of Nirilgherry Plants, Drawn 
and Coloured from Nature, wiih Rrief Dcseriptious of eaeh ; some (iencral 
Remarks on tlie Geography and Athnities r»f Nalunil Kamilies of Plants, and 
OeeJUiional Notiees of their Economieul Properties and Cses. Ry Dr. 
Rohert Wight, F,L.S., Surgeon to the Madras Establishment. 4U». With 
50 coloured plates. Ma<ira.s, 1H4G. /Jl lO.v. 

PnonROMrs Flora* Peninsula; Indi.a! Orientalis. Containing Abridged 
Deseriptions of the Plants f«nmd in the Peninsula of Rritish India, arranged 
aeeording to the Natural System. Ry Drs. RoImuI Wight, F.L.S., and 
Walker-Arnolt. Vol. 1. 8vo. London, 1834. IG^r, 


WORKS ON HOMCEOPATHY. 


i J. BEl,l.UOr!IN'i, H.O. 

I Scarlatina and its Treatment on liouueopathic principles, Ry J. Relluomini, 
I M.D. 8vo. London, 1843. is. 


BOSNNXNGHAUSEN. 

Thk IIom(eopathic Treatment of interinittent Fevers. R) Banrungliauaca. 
8vo. New York, 1845. 2#. Od. 


WORKS PUBLISHED BY H. BAILLIERE. 


Britiar Journal of Homcbopathy. Etlited by Drs. Drysdale, Russel, 
End Dudgeon. Nos. 1 to 9, Price each 3#. 6rf. Nos. 10 to 14, Price 
2$, 6df. Nos. 15 to 18, Price 4«. London, 1843 — 46. .Published quarterly. 


P. F. CURIB, M.D. 

Annals of the London IIomceopathic Dispensary. 1 vol. 8vq, 20 
Nos. 1841—42. 15«. 

pRACTiofl OF lIoMCEOPATHY. 1 vol. 8vo. Londoii, 1838. f)#. 

Principles of Homceopathy. 1 vol. 8vo. London, 1837. 5«. 

Domestic IIomcbopathy. Third^dii. 12nio. London, 1844. 5&'. 

See Jahr. 


CURTIS AND LIDZilE. 

An Epitome of lIoMa-^oPATiiKTic Practice. Conqnled chiefly from Jabr, 
Ruckert, Beauvais, Bonninghausen. 12ino. New York, 1843. 5*-. 


J. GUNTHER, ESQ. 

New Manual of Homoeopathic Veterinary Medicine ; or, the 
lIonKCopaibw! Treatment of the Horse, the Ox, the Dog, and other 
domestic animals. Translated from the third Oi'rman edition, with 
considerable additions and iniprovcuients. post 8vo. cloth. London, 
1847. 10#. C//. 


HARRIS DUNSFORD, M.D. 

The Practical advantages of Homceopathy, illustrated by numerous 
Cases. By H. Dunsford, M.D. Dedicated by permission to Her Maj<;sty 
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